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SUMMARY 


As  part  of  a  study  carried  out  at  Cornell  Aeronautical  Laboratory  for  the 
U.  S.  Army  (Contract  No.  DA-30-069-AMC-645(R)),  two  digital  computer 
programs  were  prepared  which  direct  the  calculation  of  the  time-varying 
flow  in  the  vicinity  of  a  helicopter  rotor  in  forward  or  hovering  flight. 

Fuselage  interference  effects  are  taken  into  account.  The  applicability  of 
these  programs  to  specific  problems  and  procedures  for  their  use  are  the 
subjects  treated  here. 

First,  the  assumptions  made  in  constructing  the  mathematical  model  and  the 
relationship  of  the  model  to  the  physical  flow  are  outlined.  In  this  connection, 
the  assumptions  necessary  for  numerical  analysis  and  the  functional  structure 
of  the  programs  are  also  given. 

Then,  the  formulations  which  were  coded  are  presented.  Included  in  the 
formulations  are  the  coordinate  identifications  used  and  the  definitions  of 
program  variables. 

Finally,  the  procedures  for  implementation  of  the  programs  are  given.  The 
relationship  of  input  quantities  to  aircraft  flight  parameters,  program 
accuracy  and  computer  running  time  are  specified.  A  sample  calculation, 
including  both  inputs  and  outputs,  is  presented.  Program  listings  and 
operational  information  related  to  the  programs  are  given  in  appendices. 
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The  work  reported  herein,  performed  between  September  1964  and  September 
1965,  was  accomplished  by  the  Cornell  Aeronautical  Laboratory,  Inc.  (CAL), 
Buffalo,  New  York  for  the  Director  of  Ballistic  Research  Laboratories,  (BRL) 
Aberdeen  Proving  Ground,  Maryland.  The  research  effort  was  performed 
under  Contract  DA  30~069-AMC-645(R)  and  was  monitored  for  BRL  by 
Mr.  Thomas  Coyle  as  Technical  Supervisor.  Dr.  Peter  Crimi  of  CAL 
conducted  the  study  and  received  assistance  from  Mr.  Alexander  Sowydra 
during  the  development  of  the  mathematical  model  and  Mr.  Harvey  Selib  for 
the  digital  computer  programming. 

This  document  is  Part  2  of  the  final  report  under  the  contract.  It  describes 
the  formulation  and  application  of  the  rotor -wake  flow  computer  program  and 
is  of  use  primarily  to  those  who  plan  to  use  the  digital  computing  program. 
Part  1  of  the  final  report  describes  the  development  of  the  theory,  discusses 
the  results  of  the  computation,  and  provides  a  comprehensive  discussion 
of  the  work  performed  under  the  contract. 
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1.  INTRODUCTION 


A  study  was  carried  out  at  Cornell  Aeronautical  Laboratory  for  the  U.  S. 

Army  (Contract  No.  DA  30-069-AMC-645(R))  with  the  objective  of  developing 
a  theory  for  the  prediction  of  the  flow  field  in  the  wake  of  a  helicopter  rotor. 

As  a  part  of  this  study,  two  digital  computer  programs  were  prepared  which 
incorporate  the  analytical  models  derived.  Given  the  flight  conditions  and 
geometric  configuration  of  the  aircraft,  the  programs  direct  the  computation 
of  the  time-varying  flow  at  arbitrary  points  in  the  wake  of  a  translating  rotor. 
Account  is  taken  of  fuselage  interference  effects. 

This  report  is  intended  to  provide  the  information  which  would  be  of  use  to 
technical  personnel  who  have  need  of  the  daba  which  these  programs  supply. 

An  outline  of  the  mathematical  models  used,  the  major  simplifying 
assumptions  applied  and  the  relationship  of  the  mathematical  model  to  the 
physical  flow  are  given  so  that  the  user  may  determine  the  applicability  of  the 
program  to  his  particular  problem.  In  addition,  the  equations  which  were 
coded  are  given  and  the  necessary  inputs  are  listed  together  with  their 
relationship  to  flight  conditions  and  their  effect  on  running  time  and  overall 
accuracy.  The  latter  information  will  allow  the  user  to  convey  to  a  computer 
programmer  sufficient  data  to  implement  the  programs  in  the  manner 
desired. 

No  attempt  has  been  made  here  to  present  rigorous  derivations  or  complete 
justifications  for  the  formulations  given  and  assumptions  made.  The  intention 
rather  is  only  to  provide  sufficient  information  concerning  the  model  so  that 
its  limitations  and  applicability  are  made  clear.  The  complete  derivation  of 
the  theory  which  the  computer  programs  implement  is  reported  in  Reference  1. 

The  information  necessary  for  the  physical  operation  of  the  programs  is 
given  in  Appendices  I  and  II.  Included  there  are  program  restrictions, 
usage,  data  preparation,  and  coding  information. 
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2.  THE  MATHEMATICAL  MODEL 

DISCUSSION  OF  THE  PHYSICAL  FLOW 

It  is  desired  to  define  analytically  the  flow  in  the  vicinity  of  a  helicopter  in 
translational  or  hovering  flight  out  of  ground  effect.  Consideration  is  limited 
to  craft  having  a  single  rotor  with  from  one  to  four  blades. 

There  are  three  primary  contributions  to  the  flow  at  a  given  point  relative  to 
the  aircraft.  Specifically,  the  rotor  blades,  the  wake  of  the  rotor  blades,  and 
the  fuselage  all  affect  the  air  velocity.  These  three  effects  are  interrelated 
in  a  highly  nonlinear  manner.  The  lifting  blades  induce  a  flow  on  their 
wake,  causing  the  wake  to  distort.  The  distorted  wake  induces  a  flow  on  the 
blades,  altering  their  loading,  the  two  combine  to  affect  the  flow  about  the 
fuselage,  and  the  fuselage  in  turn  affects  the  blade  loading  and  wake  displace¬ 
ment. 

The  blades  may  be  regarded  as  wings  of  very  high  aspect  ratio  in  a  free 
stream  which  is  varying  harmonically  in  time.  The  wake  is  generated  by  the 
blades  as  a  thin  sheet  of  vortical  fluid.  This  sheet  has  been  observed  to  roll 
up  very  rapidly  into  a  pair  of  vortices  {see  Reference  2)  so  that  except  for  the 
region  a  few  chord-lengths  behind  the  blade,  it  appears  that  each  blade  has 
trailing  from  it  two  vortices,  one  from  the  vicinity  of  the  tip  and  one  from 
the  root.  Smoke  pictures  (Reference  2)  and  the  results  of  an  analytical  treat¬ 
ment  of  the  wake  of  a  hovering  rotor  (Reference  3)  indicate  that  the  root 
vortices  are  rapidly  swept  up  through  the  center  of  the  rotor  plane  and  then 
dissipated.  The  root  vortices,  therefore,  contribute  very  little  to  the  flow. 
The  smoke  pictures  also  indicate  that  the  tip  vortices  are  quite  stable  and 
experience  very  little  viscous  dissipation,  sustaining  themselves  for 
several  rotor  revolutions. 

From  the  point  of  view  of  the  fuselage  and/or  any  nonlifting  appendages,  the 
flow  appears  as  the  superposition  of  a  steady  free  stream  caused  by  the 
translation  of  the  aircraft  and  the  periodic  flow  induced  by  the  rotor  and  its 
wake.  The  contribution  of  the  fuselage  to  the  flow  at  any  point  is  essentially 
that  due  to  a  body  of  complicated  geometry  in  unsteady  potential  flow. 
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THE  MODEL  FOR  THE  ROTOR 


A  wing  of  high  aspect  ratio  may  be  mathematically  represented,  to  a  very  good 
approximation,  by  a  line  vortex  with  a  spanwise  variation  of  circulation  such 
as  to  produce  the  proper  variation  of  lift  in  the  spanwise  direction  (see,  for 
example,  Reference  4).  Each  rotor  blade  has,  therefore,  been  replaced  by 
a  line  vortex  with  one  end  located  at  the  position  of  the  rotor  hub  and  the 
other  at  the  position  of  the  blade  tip.  It  has  been  assumed  in  adopting  this 
model  that  the  fluid  is  inviscid  and  incompressible.  This  assumption  has 
also  been  made  in  formulating  the  models  for  the  wake  and  fuselage. 

A  rigorous  treatment  of  the  blade  effects  would  include  the  specification  of 
radial  and  azimuthal  variation  of  the  circulation  about  these  blade  vortices 
in  terms  of  the  blade  geometry,  the  blade  motions,  and  the  flow  induced  by 
the  wake  and  fuselage.  However,  it  is  known  a  priori  that  the  circulation 
does  not  vary  substantially  in  the  radial  direction  and  that  it  varies 
azimuthally  in  such  a  v/ay  as  to  provide  nearly  a  constant  lift.  Insofar  as  the 
blades  affect  the  flow,  then,  they  may  be  well  represented  by  varying  the 
circulation  sinusoidally  so  as  to  produce  nearly  a  constant  lift  and  by  taking 
the  circulation  as  constant  in  the  radial  direction.  This  representation  of  the 
rotor  has  been  adopted,  with  the  total  lift  produced  by  the  vortices  made  to 
equal  the  weight  of  the  aircraft. 

THE  MODEL  FOR  THE  WAKE 

Since  the  wake  of  a  rotor  has  been  observed  to  consist  primarily  of  vortices 
emanating  from  near  the  tip  of  each  blade,  the  wake  is  represented  by 
potential  vortices,  one  originating  from  the  tip  of  each  blade  vortex,  which 
terminate  at  some  arbitrary  point  far  downstream.  The  circulation  about  a 
wake  vortex  in  the  physical  flow  at  any  given  point  is  simply  related  to  the 
circulation  about  the  blade  when  it  generated  that  portion  of  the  wake. 
Consistent  with  that  relationship,  the  circulation  about  the  model  of  a  wake 
vortex  at  any  point  is  prescribed  to  be  that  which  the  vortex  representing 
the  blade  had  when  it  produced  that  wake  element. 
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As  a  segment  of  a  wake  vortex  is  generated  at  the  tip  of  a  blade  vortex  when 
the  blade  vortex  rotates  and  translates,  a  corresponding  segment  is  discarded 
at  the  downstream  end  of  the  vortex.  In  this  manner,  the  program  is  not 
encumbered  by  a  wake  of  ever  increasing  size,  while  the  essential  structure 
of  the  wake  is  retained. 

It  should  be  noted  that  the  positions  of  the  wake  vortices  are  not  known  a 
priori.  The  positioning  of  the  wake  is  a  function  of  the  spatial  and  azimuthal 
variations  of  the  flow,  which  in  turn  depend  on  the  wake  geometry  itself. 

The  location  of  the  wake  vortices,  in  fact,  constitutes  the  primary  function  of 
the  program.  Once  the  wake  has  been  located,  at  a  given  instant,  the  flow  at 
any  arbitrary  point  is  completely  defined  and  may  be  computed  in  a  straight¬ 
forward  manner. 

An  enormous  simplification  would,  of  course,  result  if  the  wake  geometry 
were  prescribed  by  using  some  plausible  assumption.  This,  in  fact,  has 
been  done  in  a  number  of  analyses  and  useful  results  obtained.  For  example, 
the  time-varying  flow  in  the  rotor  plane  (Reference  5)  and  an  indication  of  the 
spatial  distribution  of  the  time -average  of  the  downwash  (Reference  6)  have 
been  obtained  in  this  manner.  However,  this  program  has  as  its  objective 
the  accurate  prediction  of  the  time-varying  flow  at  arbitrary  locations  in  the 
vicinity  of  the  aircraft;  wake  distortions  are  a  major  factor  in  defining  this 
flow,  and  can  neither  be  neglected  nor  assumed  known  without  introducing 
unacceptably  large  errors. 

Also,  it  should  be  noted  that  the  wake  vortices  must  be  assumed  to  have  a 
small  but  finite  core  of  rotational  fluid  (which,  in  fact,  a  physical  vortex  must 
have)  even  though  the  flow  external  to  this  core  is  precisely  that  due  to  a 
simple  potential  vortex  having  an  infinite  velocity  at  its  center.  This 
assumption  is  necessary  because,  if  the  wake  is  to  be  allowed  to  convect 
under  its  own  influence,  then  the  effect  of  immediately  adjacent  wake  elements 
on  a  wake  vortex  must  be  computed.  If  a  simple  potential  representation 
were  used,  infinite  velocities  of  convection  would  then  be  predicted  throughout 
the  wake.  On  the  other  hand,  the  so  called  self-induced  (i.  e. ,  locally  induced) 
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fluid  velocity  acting  on  a  finite -core  vortex  may  be  obtained  in  terms  of  the 
local  curvature  of  the  vortex  and  its  core  radius.  The  expressions  for  this 
velocity  have  been  incorporated  in  the  program. 

The  size  of  the  core  of  a  physical  vortex  is  related  to  the  kinetic  energy  in 
the  flow.  This  relationship  may  be  utilized  to  provide  a  rational  means  for 
computing  the  core  size  of  the  wake  vortices  for  the  model.  This  was  done, 
and  computations  were  performed  which  revealed  that  core  size  is  relatively 
insensitive  to  flight  conditions  or  blade  azimuth  and  that  a  value  for  core 
radius  of  five  percent  of  a  rotor  radius  may  be  utilized  for  ail  flight  conditions 
without  introducing  significant  errors. 

Core  size  may  change  significantly  due  to  stretching  of  wake  vortices;  the 
volume  of  the  rotational  core  must  remain  constant  in  an  inviscid  flow. 

This  effect  has  been  taken  into  account  in  the  formulation. 

THE  MODEL  FOR  THE  FUSELAGE 

The  fuselage  is  represented  as  though  it  were  immersed  in  a  uniform  free 
stream  of  constant  magnitude  and  direction.  The  assumed  free  stream 
consists  of  two  components,  one  being  the  negative  of  the  velocity  of  translation 
of  the  aircraft,  and  the  other  being  a  time  and  spatial  average  of  the  down- 
wash  induced  by  the  rotor  ;.nd  its  wake.  The  latter  component  may  be  computed 
by  temporarily  omitting  the  fuselage  representation  from  the  program  and 
evaluating  the  desired  averages  where  the  fuselage  is  located. 

At  high  forward  speed,  the  time  and  spacial  variations  of  the  stream 
experienced  by  the  fuselage  are  small,  and  so  may  be  neglected  without 
causing  large  errors.  At  low  forward  speed  the  flow  over  the  fuselage  does 
vary  substantially,  but  the  total  effect  of  the  fuselage  is  then  small  in 
comparison  v/ith  wake  and  rotor-induced  effects,  ar.d  so  the  error  is  again 
not  appreciable. 

Since,  in  general,  the  geometry  of  a  helicopter  fuselage  cannot  be  adequately 
described  analytically,  neither  can  the  flow  about  the  fuselage  be  represented 
in  simple  closed  form.  However,  assuming  that  the  fluid  is  both  incompressible 
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and  inviscid,  which  it  very  nearly  is,  the  potential  flow  about  a  nonlifting  body 
may  always  be  represented  by  replacing  the  body  by  a  surface  distribution 
of  potential  sources  having  spacially  varying  strength  (see  Reference  7). 

This  representation  has  been  used  to  compute  the  effect  of  the  fuselage  on 
the  flow. 

ASSUMPTIONS  FOR  NUMERICAL  ANALYSIS 

The  models  of  the  rotor  blades,  the  wake,  and  the  fuselage  described  above 
may,  at  least  in  general  terms,  be  formulated  as  continuous  functions  of  time 
and  spacial  coordinates.  A  digital  computer  cannot,  of  course,  continuously 
integrate  continuous  functions.  Therefore,  step-wise  and  interpolative 
approximations  have  been  made. 

A  rectangular  integration  scheme  is  used  in  performing  integrations  in  time. 
That  is,  when  integrating  velocity  to  compute  displacement,  the  velocity  is 
assumed  to  remain  constant  over  an  interval  of  time  corresponding  to  a  small 
finite  change  in  the  azimuth  position  of  the  blades. 

Spacial  integrations  over  the  wake  vortices  are  performed  by  assuming  that 
these  vortices  are  made  up  of  small  rectilinear  vortex  segments  whose 
circulation  is  constant  from  one  end  point  to  the  next.  The  position  of  the 
wake  is  then  defined  by  the  locations  of  the  end  points  of  these  segments. 
Consistent  with  the  approximation  made  in  the  time  integration,  the  initial 
length  of  each  wake  segment  is  the  length  of  the  arc  swept  out  by  the  blade 
tip  over  the  interval  used  for  time  integration.  Self-induced  effects  at  a  given 
wake  point  are  computed  by  taking,  as  the  local  curvature,  the  reciprocal  of 
the  radius  of  the  circle  passing  through  the  wake  point  in  question  and  the  two 
wake  points  adjacent  to  it. 

The  surface  of  the  fuselage  has  been  replaced  by  a  set  of  plane  quadrilateral 
source  sheets.  The  source  strength  per  unit  area  for  a  given  sheet  is 
assumed  to  be  uniform  over  the  sheet.  The  determination  of  these  strengths 
may  be  separated  from  the  actual  computation  of  the  flow,  and  is  accomplished 
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with  a  separate  computer  program.  The  output  of  the  latter  program  then 
forms  part  of  the  input  to  the  main  program. 

FUNCTIONAL  STRUCTURE  OF  THE  PROGRAMS 

The  Main  Program 


The  program  modeling  the  rotor,  the  wake  and  the  fuselage  has  been  con¬ 
structed  to  form  a  numerical  analogue  to  the  physical  flow.  Given  an  initial 
wake  geometry  and  aircraft  flight  conditions,  it  proceeds  to  integrate  in  time, 
convecting  the  wake  according  to  the  analytical  prescriptions  described  above. 
The  process  will  continue  through  as  many  rotor  revolutions  as  desired.  It 
has  been  found  that  generally  a  periodic  flow  is  eventually  established  after 
which,  of  course,  no  further  information  can  be  obtained  by  continuing  the 
computations.  A  criterion  has  been  found  for  choosing  a  number  of  rotor 
revolutions  sufficient  for  the  establishment  of  a  periodic  flow.  This  criterion 
is  given  in  the  discussion  of  program  implementation. 

As  the  computations  proceed,  the  wake  configuration,  as  well  as  fluid 
velocities  at  any  points  desired,  at  a  given  instant  (i.  e. ,  azimuth  position) 
are  stored  on  tape.  This  information  is  relinquished  as  output  upon 
completion  of  computations. 

The  flow  of  information  as  computations  proceed  is  represented  schematically 
in  Figure  1. 

The  Sxipplemental  Fuselage  Program 

As  noted  previously,  the  function  of  the  supplemental  fuselage  program  is  to 
determine  the  strengths  of  the  source  sheets  representing  the  fuselage.  The 
procedure  used  is  based  on  the  method  reported  in  Reference  8.  The  program 
is  given  the  locations  of  the  quadrilaterals  representing  the  fuselage  surface. 

It  is  then  required  that  the  combined  effe'  cs  of  the  free  stream  and  the  sum 
of  source-induced  velocities  be  such  that  the  fluid  velocity  normal  to  each 
element  be  zero.  This  requirement  provides  a  set  of  linear  algebraic 
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Figure  I  SCHEMATIC  DIAGRAM  OF  THE  FLOW  OF  INFORMATION 
FOR  THE  MAIN  PROGRAM 
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equations  with  the  source  strengths  as  unknowns.  The  fuselage  program 
computes  the  coefficients  for  this  set  of  equations  and  then  solves  them,  using 
a  simple  iterative  procedure.  The  strengths  and  related  geometric  parameters 
are  the  outputs,  which  are  then  used  as  inputs  to  the  main  program. 
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3.  FORMULATIONS  for  the  MAIN  PROGRAM 

In  the  following  sections,  the  equations  are  given  which  were  coded  for  the 
main  program.  All  distances  have  been  nondimensionalized  by  rotor  radius 
R  and  velocities  by  rotor  tip  speed  J1R  ,  where  sl  is  the  angular  velocity  of 
the  rotor. 

COORDINATE  IDENTIFICATIONS  AND  NOMENCLATURE 


Rotor  and  Rotor  Wake 


A  coordinate  system  fixed  in  the  tip -path-plane  of  the  rotor  is  used.  The 
model  for  a  two-bladed  rotor  and  its  wake  is  shown  in  Figure  2.  As  noted 
on  the  figure,  a  free  stream  of  dimensionless  magnitude  /xis  directed  at  an 
angle  a W  to  the  tip -path -plane  and  parallel  to  the  %•}  plane.  The  azimuth 
position  y  of  the  rotor  is  defined  to  be  the  angle  between  blade  vortex  1  and 
the  ;e-axis,  as  shown  (blade  numbers  increase  in  a  counterclockwise  direction 
when  the  rotor  is  viewed  from  above).  The  points  Py  are  the  wake  reference 
points;  the  first  subscript,  i  ,  increases  successively  proceeding  down  the 
wake  vortex  for  a  given  blade,  and  the  second  subscript,  j  ,  denotes  the 
number  of  the  blade  which  generated  that  wake  vortex.  Each  wake  segment 
is  associated  with  that  end  point  having  the  lower  first  subscript.  For 
example,  the  element  between  points  and  P3Z  is  denoted  as  element  (2,  2). 
Each  element  (t,j)  is  assigned  a  dimensionless  core  radius  cu(j  and 
strength  Q-  .  For  convenience  in  computation,  the  latter  quantity  has  been 
normalized  by  the  average  circulation  about  the  blade  vortices. 
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Fuselage 

The  model  of  the  fuselage  is  referred  to  the  same  coordinate  system  as  is  that 
of  the  rotor  and  its  wake.  The  surface  representing  the  fuselage  is  shown 
schematically  in  Figure  3,  with  a  few  representative  source-sheet  elements 
outlined. 


■  ft, since T  -x? 


jju  cos  <xr 


FUSELAGE 
ELEMENT  m 


Figure  3  SCHEMATIC  REPRESENTATION  OF  FUSELAGE  MODEL 


J—aauau -a 


The  fuselage  is  assumed  to  be  subjected  to  a  uniform  free  stream  with 
^-component  fjucosaT  and  ^.-component  -  /UsLnar,  where  iZ*  is  a  time  and 
spacial  average  of  rotor  and  wake-induced  velocities  acting  on  the  fuselage 
in  the  ^-direction.  The  fuselage  has  been  assumed  to  be  symmetric  about 
the  z-^plane,  so  that  only  half  of  the  fuselage  need  be  considered.  The  source 
elements  are  numbered  consecutively  from  m=  1  tom=  Np  ,  where  tJf  is  the 
number  of  fuselage  elements  representing  (half  of)  the  fuselage.  Each  fuselage 
element  has  its  vertices  numbered  (from  one  to  four)  in  clockwise  fashion 
when  viewed  from  the  exterior  of  the  fuselage. 

Associated  with  each  fuselage  element  m  are  the  normalized  source  strengths 
a~x  and  CT  .  The  total  source  strength  of  element  m  is  thus 

'"m  7m 

yU  cos  aTcr^  +  (ux  -  zz  sin  czr)oz 

The  quantities  and  <JZ  are  computed  by  the  supplemental  fuselage  program 
as  described  in  Formulations  For  The  Supplementary  Fuselage  Program. 
Certain  other  quantities  are  also  obtained  from  the  supplemental  fuselage 
program  and  used  as  inputs  to  the  main  program.  These  quantities  define 
the  position  and  orientation  of  the  elements.  Their  definitions  are  given  in 
Formulations  For  The  Supplementary  Fuselage  Program. 

EQUATIONS  FOR  COMPUTING  DISPLACEMENTS  AND  VELOCITIES 

General  Equations 


Let  <f>)  and  denote  the  dimensionless  components 

of  fluid  velocity  at  point  (x.^jfor  the  rotor  at  azimuth  position  V'  .  Then  if 
denote  the  coordinates  of  vortex  end  point  P; j  ,  the  wake 
displacement  is  given  by 
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HWgBT 


*ij(’/’+A'f)  =  -X;-,jW 


yi-'.j’K-i.i-'V)*? 


ft  jd’+W) 


=  *<•-/,;  W  *  >  ft-  i.j  ’1>)W 


(i) 


for 

and 


^  -  2,  3 1  A/^  +  1 

j  -  1 ,  2,  '  '  j,  A/^  . 


The  integers  A/#  and  A/^/denote,  respectively,  the  number  of  blades  and  the 
number  of  wake  elements  per  blade  included  in  the  calculation,  and  is  the 
incremental  change  in  blade  azimuth  position: 


Af 


2  nr 

Nfy 


a/a 


where  A^is  an  integer,  being  the  numbe.  of  azimuth  stations  into  which  the 
rotor  plane  is  divided,  and  NR  is  the  number  of  revolutions  of  wake  per  blade 
taken  into  account. 


The  wake  and  blade  reference  points  not  determined  through  equations  (1), 
namely  P0-  and  Pfj  ,  are  simply  located  according  to 

*oj  W  -  *  2oj(f)  =0 


ii 

& 

cos 

y<)  if)  » 

Sen 

}!;(/')  = 

O 

for 

t 

J  " 

2, 

'  *  '  ,  NB  . 

The  fluid  velocity  components  at  a  point  (x^y) needed  in  Equations  (1)  and  in 
the  definition  of  the  flow  at  an  arbitrary  point,  may  be  broken  down  as 
follows: 
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1  P- 

=  =  -r-cosaer+V 


s  V,  (*>,  <J,  $)  +  Vf  (x,  y,  $) 

'i  *1*1 


S  Vjix.y.i)  =  -£sinotT  +  Vlt/^(*,tjy})  +  Vf  (x,ij.}) 


where ^  is  an  input  parameter  which  relates  directly  to  the  thrust  on  the 
rotor  (see  Procedure  For  Implementation  Of  The  Programs},!/  „  \J  ,  and  ]/L 

u/y  “> 

are  the  contributions  of  the  wake  and  blade  vortices  and  Vf  tVf  and  Vf  are  the 
contributions  of  the  fuselage  source  sheets. 

The  strengths  and  core  sizes  of  the  wake  elements  for  azimuth  position 
y+AI)  are  assigned  in  terms  of  inputs  and  tneir  values  at  azimuth  position  <j>  . 
Specifically,  the  strengths  are  given  by 

r£!(f*a, if)  =  r-,  -At),  Y=z-3’  ■■■>"* 

CJ  r  t  t.,tJ  ,  [j  =  t,z,  ■  ■  •,  N„ 

/r  ,  (4) 

Hj  ( v  +  a  ip)  =  j  l  rB. (<t)  +  rBj o +A*)\}  j  - 1,  z,  ■  ■  -,nb 


where  fg.  is  the  strength  of  blade  element  j  .  The  stre'ngth  of  blade  element  1 

v 

at  each  azimuth  is  specified  as  an  input,  while 


<*>  --  r#, 


j  =  2’  3,  '  *  *  >  Nb 


and,  of  course, 


rBAf+2jr)  =  rgAP). 

«  </ 

The  core  sizes  are  assigned  according  to 


rw«  y/z 

■  Li..rV 


1  -  2,  h  '  ‘ 
j  =  /,  2,  •  •  * ,  Hl 
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tr - 


«  V. 


- - -  *-  -  i  *i"hth  i  i  i  ~ 


where  L'-  is  the  length  of  wake  element  (i,j)  : 


^i.i  ~  ["(**♦  ~*£j)  *  ~  yij)  +  ~fij)  J 

The  value  for  ar  (^J}  j  =  1,  2,  are  assigned  as  inputs. 

J 

Effect  of  Rotor  and  Wake 


(7) 


The  velocity  components  induced  by  the  blade  and  wake  vortex  elements  may 

be  represented  by  the  following  relations.  Define  q  3o  and  Q  by 

*  ij  'r^v  vrij 


=  zZ  (r 


^ 


(8) 


where 


?Hj  -  V 


(y  ~ yij)($ij  ~  Tri+i.j)  ~  ~yi+i.j) 

-  *;h, j)  -  -fui.j) 

-  (*-!/;;)(*;;  -*u,, j) 

-  .  _ .  ru  *  j _ 1 

v  ( *•</»•»«, j f Cij  -  r^>.J)z  -  V  ]  j 

rij--  l( *-*;;)*+  (y-«;;)2  +(}  -#;;)2]i4 


Then,  if  point  te^does  not  lie  on  a  vortex  (i.  e.  ,  is  not  a  wake  reference 
point),  wake-induced  and  blade-induced  velocity  components  are  given  by 


V*v  (*•*’ i)  =  Z  Z  (*•*• »; 


"tv 


(9) 


=  X  Z  ?»,•:  (*•*•») 


6  “  0  j  =  t 


v : 


L-0  j  a  I  lJ 
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If  the  point  in  question  is  a  wake  reference  point,  say  Prs,  then 

nw  «a 

^*ur^x,n  >  *Jrt  >  3 'rs  )  “  E—  $~x--  (*rs  •  &Vjr  >  frs) 

6-0  J  =  f  tJ 

J  Is 

*  y  ¥*>-,  (*>'3'  Mrs*  1 ’’rs '  +  C*rj  >  ^rs  »  ?/•/) 

t  = 

r-/,r 


(10) 


and  similarly  for  1/  and  14  .  The  functions  <?  ,  and  account  for 

7<4^  /'*-g 

self -induced  effects.  If  /•’>/,  these  functions  are  given  by 


?$z  (*rs  7  y rs  »  ?v.s)  =  mx  ** 

(Xrs  *  Vrs  *  Zra  )  ~  mij  * 

»  ^rs>  Zrs)  ~  ■*" 


(ID 


where 


m*  ~  s~^irs)(^rrs  ~  ?r+f,s)  “  ( Vrs  '  ^ r+  f,s)(fr-/,s  “  frs) 

my  ~  (tr-  t,s~  Irrs)  (^rs  Xr*l,s)  ~  (  $rs  ~  fr+1,s)  (Xr-1  ,s  ^rs) 
~  i^r-l.s"  Xrs)  {‘drs  ~  (/  r*f,s)  ~  (Xrs  ~  X’r*t.'s)  (Sr-t.s  ~  ^rs) 


r  - 


¥  ¥d-j m*  +  m,f  -f  m„2 


%  h  ? 


lrr-/,s  '&* 


■Sf  \  f 


+  C. 


Jwi 


«J  + 


*•  -r 


l-r-l.s  ^rs  ^ rs 


Mr U*Lri-(Lr*-l,,+Lr\-Srty. 


Vz 


l  is  as  defined  previously, 


C^’«  “  far-/,  s  "r+S.ii'j  +  far-/,s  ~  ^r-n,s^j  +  far-/,  s  "?r+f,s^ 


Yz 
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s. 


] 


f  1 

2<s.-\4?.z-L;_~s 

<  cLZ  +  >*  1 

Lr-ls 

5  —  ^rs  ~~rs 

1 

Z<Z*-I#4L2-lI_,.s 
“  \ 

,  2 

>  ^ rs  +  ^~rs 

.  Lr-1,s 

5 

Lr-  1,s 

1 

!2  /  2 
s  drs  +Lr-i,  s 

Lrs 

* 

Lrs 

1 

z<e  +  -jt<z*-L?s 

>  cLZrs  +  Zr%s 

4 

.  Lrs 

> 

Lrs 

If  r  =1,  self -induced  effects  must  be  modified  to  properly  account  for  the 
proximity  of  the  blade  vortex.  In  this  case, 

%s%  [x  is  'Vi*  >  hs)  ~  ?sx  [xis  » ‘Jzs  »  $2s)\ r2s  =  o 


r2ssO 


(12) 


$sy  [* fs  ’  Vis  'ft*)  =  fsy  l  x2s  >  V2s  ’  ?2\s  )  |  rZs  =  0 
(Xfs  *  S7*  ’  Its)  =  (X2S’  yzs  ’  ?2s  ) 

■t  £  /  +  ~  A  ft  +  -j~~Aft^-Aft  +  z'j^  ^ 

o 

where  /^is  the  strength  of  blade  element  S  and  ~  is  the  ratio  of  rotor  radius 
to  blade  semichord.  By  the  notation 

?sx(%2S,  t/Zs>  fzs)  r2s  =  o 

is  meant  the  value  for  ys  ^zs^ZsiiZs,')VJ^c ^  *s  obtained  If  zero  is  substituted 
for  the  value  of  f7Zs  . 


Effect  of  Fuselage 

The  following  quantities,  which  are  defined  in  The  Formulations  For  The 
Supplementary  Fuselage  Program,  are  supplied  as  inputs  from  the 
supplemental  fuselage  program: 
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-  L 


for 


ar  ,  <r  , 

v.-n 

i  >  Vm  *  J'm  > 

A1m  ’  ’  *L  ’  ''c,  ’  ’c,  ' 

mnt,2,---,Nf  and  *•  =  1,2,3,V. 


The  fuselage  contributions  to  the  fluid  velocity  at  a  point fety^Jare  given  by 

^  _ 

-Z  K/*„+  +  ^m] 

(13) 


.=/ 


\  i)  =  JE^  [°»mV»0 o+  ^mVK>][Vym  "  V{im  ] 

m  =  / 

=  r  K  + 9u  ] 


ms/ 


where 


V*„  --  f  ccs  *r 


***'*-/«)*> 


and  Kf  is  a  correction  factor,  supplied  as  an  input  parameter,  whose 
evaluation  is  discussed  in  Procedure  For  Implementation  Of  The  Programs. 

The  quantities  V„  ,  V.  and  V  are  computed  in  the  following  manner.  Using 

/I?  “rr>  rrn 

matrix  notation, 


- - J 

3 

Ax  ?\n  A*? 

?ro  '  m  ' m 

“  V;  I 

r 

V7 

<rn 

.V 

si 

~)K 

-i 

4 

_ I 

Vp 

(14) 


where  Aj-  ,/i;  and  are  given  in  terms  of  input  quantities: 


ft)  m 
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\» 

V-^  “ 


The  quantities  \L  ,  V  and  \A  are  obtained  in.  the  following  manner.  First, 

.2  .2  lm 

<%m  and  aifn  are  computed: 

d'S'm  —  (^4 3  m  Cirri')  ^~  ( ^] 3r*  ^}lm  J 
C^6m  ~  f^,n  4  Zrn  J  "*■  (^rJ‘, frr,  ~  yjZrr^j 

,2  2  z 

and  cLy^is  set  equal  to  the  larger  of  cLfm  or  .  Then  and^  are 


obtained  from 


5  m  A  J  A6  r  2^* 


1~  ’ 


X  -  X., 


d-Vr 


?  -  h 


■t  £ 

I  r0  is  computed  from 


•e  6  ,  *  r~  V 

~  4m  +  +  4m, 


Also,  tm  is  obtained  according  to 


■-  (16) 

dim 

2 

!f  >  an  approximate  method  is  used  to  compute  V ?  ,  V  and  Vr  ,  If 

2  *»  ’  1m 

^he  exact  method  is  used  {the  accuracy  of  the  approximate  method  is 
discussed  in  Reference  8). 

Approximate  Method  (t^  >6) 


5  £ 

m  k 


'  m  p 


m  ^rr> 
H  3 
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'm 


5m  Cm 


m 


where 


Sn  =  T  (^3m 


-  J 


Exact  Method  (  <  <6  ,) 


(17) 


The  following  additional  quantities  are  computed  if  the  exact  method  is  used 
(note:  if  a  vertex  subscript  k  =  5  is  called  for  in  any  of  the  following  equations 
this  is  understood  to  mean  that  k  =  1  is  to  be  used): 

rk-  »  [(Vm  -  +  (%  -  Cj  J'/2 

^Itm  —  (■  *1  m  ^jkm  )  ^ m  £km) 

mk^  =  Sjh±ldIL  '.I*?! 

*k+Um-Um 

all  for  k  =  1,  2,  3,  4.  Then 


•f 

-L 

k-.f 


^krr  '"k+l.m  °^krr> 
rkm  +  rk-M,m 


+1,  m 


km 


rkm  +rk+1,m  ~^km 
rkm  +  rU  +  1,m  +ci'km 


(18) 


™knr)  &km  ~^km 


-  tcurf  1 


mkir>  Sk+1,m  Victim 

' 

^ m  r'k  +  l ,  m 

J 

where  the  arctangent  is  understood  to  lie  between  and  ~ 
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The  computation  of  VL  .V ,  and  V 1  is  identical  to  that  of  V*  ,V  and  V„  , 
respectively,  except  that  instead  of  evaluating  tne  various  functions  at  the 
point  the  point 5) is  used.  That  is, 

(&'  -  *4  *  3r)  (19 

Vq  =  v  (** -y>l) 

Jm  j  m 
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4.  FORMULATIONS  FOR  THE  SUPPLEMENTARY  FUSELAGE  PROGRAM 


PRELIMINARY  REMARKS 


The  formulations  given  below  generally  correspond  to  those  reported  in 
Reference  8,  but  adapted  to  the  problem  treated  here.  Referring  now  to  the 
coordinate  system  of  the  section  on  Coordinate  Identifications  And  Nomenclature 
above,  it  is  assumed  that  the  fuselage  is  symmetric  with  respect  to  the 
plane  and  that  the  free  stream  is  parallel  to  that  plane. 

As  a  first  step,  that  half  of  the  fuselage  for  which  y  is  positive  is  approximated 
by  a  mesh  of  quadrilateral  elements.  Those  portions  of  the  surface  having 
large  curvature  must,  of  course,  be  divided  into  smaller  elements  than  are 
adequate  elsewhere.  The  elements  are  numbered  sequentially,  beginning 
with  some  convenient  element,  say  at  the  nose. 

Consider  the  ^quadrilateral  element  ( m  =  1,  2,  *  •  •,  ) ;  its  four  vertices  are 

numbered  clockwise  when  viewing  the  element  from  the  exterior  of  the 
fuselage,  the  selection  of  vertex  1  being  arbitrary.  The  coordinates  of  these 
vertices,  denoted  (#/,  ,  cj^  ,  )  for  K-  1,  2,  3,  4,  are  supplied  as  inputs  to 

the  program. 

EQUATIONS  FOR  COMPUTATION 


The  major  portion  of  the  program  is  directed  to  obtaining  two  sets  of  linear 
algebraic  equations  having  the  normalized  source  strengths  as  unknowns. 
These  two  sets  of  equations  may  be  written  in  the  form 


Bfnn  #*n  =  **  * 


n  =  f 


Mr 


n  a  / 


'  rr> 


(20) 


n,  =  1  rZ,  *  *  * ,  A/f  . 
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The  program  then  solves  these  equations  by  a  standard  iterative  technique 

(convergence  is  rapid  because  the  matrix  of  the  coefficients  Bmn is  very 

nearly  diagonal)  to  obtain  the  cr's  and  cr’s. 

im 


The  coefficients  and  inhomogeneous  terms  of  Equations  (20)  are  computed  as 
follows.  First,  let 


B 


mn 


mn  m  n 


(21) 


A  and  A  relate  directly  to  the  velocities  induced  by  element  rj  and  its 
mn  mn  1  J 

image,  respectively,  on  element  m. 


Computation  of  Amn 
First,  the  quantities 

00  rtn  -  (y*n  ~yzn)(  ^3n  ~  ?1n)  ~  (  ~  3n' ^1n) 

'6f/n  ~  ($*n  ~  tin)  ~  XZn  )($3n~  $1n) 

y'/Jn  ~  ^~Zr>  )  (  y 3n  “  1  r>')  ~  (ty  ^Zrt  )(‘^3n  ~  ^ In ) 


~  wl  ^ kn  5  *dn  ~  a.  zL-  4. 

^ k=1  k  =  f  “  k  =  1 


(22) 


are  computed.  These  quantities  are  then  used  to  compute 

*  '*n=(a^n+/a}n  +  r£)  +  **0  ~  *")  '  a"nfi«n(ykn-yn)~<XNn  (V*  n  “  £»)] 

+  fa"0  *Y"»)(yk”'^)~/5fJn  (%kn~  *n)  ~  A/„  Y^fkn'h^i 


(23) 


?kn  =  fyn2)  +ftfJn  )(?*»-?*) -  /a  ,  (*hn  ~*n  )  ~Y»n  A»n  (ykn  '&)} 

for  K  =  1,  2,  3,  and  4.  These  transformed  coordinates  are  then  utilized  to 
compute  the  direction  cosines  Ag  ,  tJ, 
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(24) 


if  >y 

* 3n  ~X*h 


f>  *  "  \2  /  if  » \2  ,  if  /,  \2]'7/S>  ,/ 

=  |(*J*  "  -’’(ten-t/J  H ?3»  -  tin)  y3n  -  Vt» 


//  // 


■  In. 


Then  and  i)r  are  computed  according  to 

>n  r  (>n  ^ n 


=  [a"n  *  +  y*n\ 


and  the  direction  cosines  obtained  from  Equations  (24)  and  (25)  are  used  in 

the  computation  of  /\rt  ,  jU„  and  jJn 

In  '  in  In 

\  =  '  my  <n 

f^Hn  '  *5,  (26) 

Then,  the  following  transformed  coordinates  are  computed: 


^  “*« 

%n  =  ~  ^ 

/U/4’n  ^C,  .  ~%n  , 


(27a) 


A?  ^  ^ 

n  n 

tfkn 

\yn„  4,  tc 


(27b) 


Next,  the  quantities 


^  = 


( %  3n  ~£ln)  +  ( H  3n  ~  *?(«) 

(4*„  ~  ^)2  +  (7**  -72«)2 


•  %  2  2 
are  obtained,  and  d-jn  is  defined  to  be  the  larger  of  aL$n  or  d6n  -  Then 


r'°mn  ~  %mn  *  *1 mn  *  C 


and  the  quantity 


t  -  JL22TL  /3n\ 

fnn  ,  2  \'>u) 

^■7n 

are  computed.  If  t  *  >6  ,  an  approximate  method  is  used.  If  ■£  2  <  6  ,  the 
exact  formulation  is  applied.  In  either  case,  the  quantities  V*  and  C 

-‘mn  Hrnn  ’ rnn 

are  computed,  which  in  turn  are  used  to  evaluate 

PCI  \^nM  KJ 


K^nr.Kn  vnm» 

7j!n  ’‘in  V?n,„ 


whereupon 


Computation  of  ^,„by  Approximate  Method  >  6  ) 


In  this  case. 


VC  ? 

5m  n  _  '  IT)  f) 

V  =  3v  n 

•rn  n  /*  3  jftin 

i/  °mn  r 

*> mn  “mn 


where 


,~‘n  ~  %  \_^3n  “  '='/>?  tfZn  ~ 

Computation  of  ^  V$mn  by  Exact  Method  (**„<&) 

The  following  additional  quantities  are  first  computed  (note:  in  the  following 
equations,  if  a  vertex  subscript  h  =  5  is  called  for,  this  is  understood  to 
mean  that  k  =  1  is  to  be  used): 
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^kn  = 

[(^  k  +  1 

m  '  ^kn)  *  (ffk+lsn  " 

kmn  ~ 

[(?«n 

-  ^kn)2  +  (qmn  ~  rjkn 

Y  *  ?J] 

^  k mn  ~ 

+ 

(tmn  -  -Tkn)2 

^  km*,  — 

^kn) 

~  >?kn 

vt 


all  for  k 
Then 


Zk-bi.n  ~  £kn 

1,  2,  3,  and  4. 


‘L 

k*1 


C*7k+f,r>  ~  *7kr>) 


cL 


kn 


Inin 


-L 


(^kn  ~  k+1,  n  ) 


**f<mn  +  I* k+1  ,mn  ~°^kn 
y'kmn  +  r  k+  /,  mn  °^kn 

r kmn  +r‘k  +  \,mn  ~c^'kn 


k  a  /  “'kn 


L  rkmn  +  ’"k+'^mn  ’t~aLjfn  J 


'mn 


(34) 


v  , 

r 

•  _ 

*  M  ' 

=  j 

|  Zii>?  ^ 

mkn  ekmn  ~  ^ kmn 

-  tan  1 

n,kn  ek+1,nnn~  ^  k-tl.mn 

*7/  1 

I 

C  Ft, 

L  *mn'knyn 

£rnr\  rk+  l,mr) 

where  the  arctangent  is  defined  for  the  interval  to  — 

2  2 

Computation  of  Amn 

The  computation  of  is  carried  out  in  the  same  manner  as  that  of  A 
with  two  exceptions.  First,  the  y  coordinate  of  elements  is  replaced  by  its 
negative;  specifically,  (*m,ymJw)  are  replaced  by  (5^,-y^,  f^)  in  the 

computation  of  ^  ^  and  fmn.  Second,  the  formula  for  is  altered 
slightly  so  that 
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=  A; 


"A, 


V. 


'Jmn 


v 

m  jrnn 


(35) 


where  the  bars  over  V%  etc.  ,  indicate  that  they  were  obtained  using in 

mn 

place  of  . 


It  should  be  noted  that  certain  indeterminacies  are  encountered  in  the 
formulas  for  Amn  (but  not  Amn )  when  m  =  n  .  The  computation  of  A  is, 
therefore,  omitted,  and  the  proper  limiting  value  for  that  quantity  of  Ztt 
is  specified. 
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5.  PROCEDURES  FOR  IMPLEMENTATION  OF  THE  PROGRAMS 


THE  MAIN  PROGRAM 
Assignment  of  Input  Parameters 

There  are  a  number  of  input  parameters,  certain  of  which  relate  directly 
to  aircraft  flight  conditions,  and  others  which  must  be  chosen  on  the  basis 
of  past  experience  and  best  judgement.  Each  of  the  input  parameters  is 
discussed  individually  below.  A  sample  collection  of  these  parameters  is 
then  given  for  a  representative  aircraft  and  flight  condition. 


1 .  Advance  Ratio  pj 


Given  the  aircraft  forward  speed  ^  in  feet  per  second,  rotor  radius  R  in  feet 
and  rotor  angular  speed  iT  in  radians  per  second,  pc  is  calculated  according 
to 


= 


hr 


2. 


Number  of  Blades  A/, 


B 


(36) 


The  program  has  the  facility  to  handle  rotors  with  up  to  four  blades. 


3.  Loading  Parameter  A 


This  parameter  is  given  by 


A  = 


V-W 


2  oV 


ttz  a/q  jonrR 


(37) 


where  and  Ne  are  as  defined  in  1  and  2,  p  is  the  air  density  in  slugs  per 
cubic  foot,  andjyis  the  total  weight  of  the  aircraft,  in  pounds. 


4. 


Tip-Path-Piane  Angle  OCj  ,  in  Degrees 


In  the  absence  of  measured  data,  the  value  for  this  angle  may  be  estimated 
by  the  formula 
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degrees 


(38) 


cc 


_  {360  \  C+M* 

"  Wnb)  a 


where  is  the  drag  coefficient  of  the  fuselage,  defined  by 


f  ZzpV/vR1 
where  Df  is  fuselage  drag. 

5.  Number  of  Azimuth  Stations  per  Revolution,  NA 


Since  running  time  increases  rapidly  with  increasing  NA  (approximately 
as  Na  )>  a  careful  choice  for  this  number  must  be  made.  It  has  been  found 
that  for  a  two-bladed  rotor  sufficient  accuracy  may  be  obtained  with  =  12. 

It  is  difficult  to  define  time  variations  of  fluid  velocities  if  is  less  than  this 
number  (for  =  2),  and  running  time  becomes  excessive  if  it  is  made  larger. 

6.  Number  of  Revolutions  of  Wake  per  Blade,  NR. 


The  total  number  of  wake  elements  included  is  proportional  to  A/R,  so  running 
time  is  also  sensitive  to  this  number.  Generally,  the  higher  the  advance 
ratio,  the  smaller  the  value  of  NR  needed,  provided  interest  in  the  flow  is  not 
directed  to  the  far  wake.  For  example,  hlR  -  2  is  sufficient  for ju.~  .  25  and 
=  4  suffices  for/4=  .  15,  to  satisfactorily  reproduce  the  flow  directly 
beneath  the  rotor  plane. 

7.  The  Strength  of  Blade  Element  1  as  a  Function  of  Azimuth 

The  normalized  strength  of  blade  element  1  at  each  azimuth  station  must  be 
specified.  In  the  absence  of  measured  data,  the  formula 

r£i(^)  =  /  -  2 jj.  sin  ijs  (39) 

provides  a  suitable  appi  ximation. 
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8. 


The  Core  Size  of  Each  Wake  Element,  -  ,  at  the 

J 

Start  of  the  Program 


Each  wake  element  \c,j)  fort  =1,  2,  . . . ,  Nr  and  J  =  1,  2,  .  .  .  ,  Nq  must  be 
assigned  a  core  size  in  order  to  start  the  program.  It  has  been  found,  by- 
estimating  the  core  sizes  of  wake  vortices  for  numerous  flight  conditions, 
that 


i  =  1,  Z ,  •  •  * ,  Nr  Nr 

j  =  t.  2,  •  •  •  ,  N8 


(40) 


can  be  utilized  for  any  normal  operating  condition  of  the  rotor.  The 
variations  in  core  size  from  this  value  with  changes  in  advance  ratio  and 
loading  were  found  to  be  negligible  in  their  effect  on  the  flow. 


9.  The  Core  Size  of  the  Wake  Element  Attached  to  Blade  1, 

a '{f  ,  as  a  Function  of  Azimuth 


For  the  same  reasons  as  noted  in  item  (8)  above,  it  is  sufficient  to  let 


a,t1(4>)  =  .Of 


(41) 


10.  The  Initial  Value  for  the  Azimuth  Position  of  Blade  1, 
ij/ ,  in  Degrees,  and  the  Number  of  Rotor 
Revolutions  to  be  run,  NRy  . 


The  value  for  is  ,  of  course,  arbitrary,  and  is  generally  made  zero. 

If  a  case  is  being  investigated  for  which  a  periodic  flow  may  be  obtained 
(which  generally  occurs  for  ju,  greater  than  about  .  08),  it  is  desirable  to 
make  NRv  large  enough  to  allow  periodicity  to  be  established.  It  has  been 
found  that,  for  a  two-bladed  rotor,  a  periodic  flow  is  usually  obtained  after 
about  Nr  revolutions  of  the  rotor.  That  is,  if 

Nry  >  A fff  (42) 

a  periodic  flow  will  be  established. 
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11. 


Initial  Wake  Configuration 


The  option  has  been  provided  whereby  the  initial  wake  geometry;  i.  e.  ,  the 
coordinates  of  the  wake  reference  points  P“,i  =  /,2, ■  •  -f /,  j * /, 2/ •  •, may  be 

specified  as  inputs  or  may  be  computed  as  part  of  the  program.  The  computed 
configuration  is  a  skewed  helix  with  skew  and  pitch  dependent  on and  A  . 

The  option  for  specifying  the  geometry  as  input  allows  the  program  to  be 
continued  from  a  previously  computed  geometry.  Thus,  if  additional 
information  is  desired  after  a  run  has  been  completed,  the  program  may  be 
restarted  at  the  point  where  periodicity  has  been  established  rather  than  from 
a  skew-helical  configuration. 

12.  Coordinates  of  Points  at  Which  Flow  is  to  be  Determined 

Ther,  yand  j  coordinates  of  those  points  at  which  fluid  velocity  components 
are  desired  should  be  specified.  The  maximum  number  of  points  which  can 
be  handled  is  300. 

13.  Correction  Factor 

The  value  for  the  j.-component  of  the  free  stream  experienced  by  the  fuselage, 
which  is  needed  to  assign  the  strengths  of  the  fuselage  source  elements,  may 
be  estimated,  using  momentum  considerations,  to  be 

-fesiHar  +  T/g-). 

It  has  been  found,  though,  that  the  average  downwash  experienced  by  the 
fuselage  may,  in  some  cases,  differ  considerably  from  this  value.  Therefore, 
a  correction  factor  Kf  has  been  applied  to  make  the  downwash  used  correspond 
to  the  correct  value.  The  following  procedure  may  be  used  to  obtain  the 
value  of  Kf. 

First,  the  main  program  is  run,  with  the  fuselage  representation  omitted, 
until  a  periodic  flow  is  established.  The  fluid  velocity  is  computed  during 
this  run  at  several  points  (it  has  been  found  that  25  points  are  sufficient 
for  a  UH-1B  fuselage)  within  the  volume  which  the  fuselage  occupies.  A 
simple  average  over  one  period  of  the  value  of  \^,as  given  cm  the  output  sheet, 


is  then  computed  for  each  point,  and  the  spacial  average  of  these  is  in  turn 
computed.  Denote  this  combined  spacial  and  time  average  of  by  Vj,. 
Then  Kf  is  simply  given  by 


14. 


Kf 


Fuselage  Parameters 


~  V±_ _ 

sm  o:t  *  J 


(43) 


All  the  parameters  necessary  for  inclusion  in  the  main  program  to  represent 
the  fuselage  are  obtained  directly  from  the  supplemental  fuselage  program. 
The  latter  program  has  been  coded  to  punch  the  cards  needed  directly. 

SAMPLE  PROBLEM 


For  illustrative  purposes,  consider  a  UH-1B  helicopter  operating  at  a  forward 
speed  of  60  knots  and  a  rotor  speed  of  300  rpm.  The  total  weight  of  the 
aircraft  is  5675  pounds,  the  drag  coefficient  of  the  fuselage,  CDf  ,  is  .  014,  the 
rotor  radius  is  22  feet  and  the  blade  semichord  is  10.  5  inches.  A 
programmer  would  then  need,  in  addition  to  the  appropriate  outputs  from  the 
supplemental  fuselage  program,  the  information  listed  below. 


Number  of  blades  NB  =  2 

Number  of  Revolutions  of  Wake  A^>  =  4 

Number  of  Azimuth  Stations  /fy=  12 

X  =  .00209 

jjl,  -  .  1465 

aT  -  2.  62  degrees 

correction  factor  Kf  =  .  2600 

=  25.  1 
b 

Number  of  fuselage  elements  A^=  96 

^  initial  =  0 
—  4.5 
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AZIMUTH 
t  ~  deg 

r* 

0 

1.0 

30 

.  8535 

60 

.  746 

90 

.  707 

120 

.  746 

150 

.  8535 

180 

1.  0 

210 

1.  1465 

240 

1. 254 

270 

1.293 

300 

1. 254 

330 

1. 1465 

computed  at: 

X 

i d 

-1 

-  .  5 
0 

.  5 


c^n(<p) 


5 


1.0 


4 


Selected  pages  from  the  output  for  this  case  are  shown  on  the  following  pages. 
The  first  of  these,  listing  the  parameters,  is  self-explanatory.  On  the  next 
pages,  the  station  number,  running  from  1  to  49,  refers  to  the  first  (t) 
subscript  of  the  wake  reference  points,  and,  of  course,  the  blade  number  is 
the  second  subscript  (j).  All  velocity  components  printed  out,  i.  e.  ,  those 
at  the  wake  reference  points  and  those  at  other  points,  are  the  quantities  defined 
by  Equations  (3).  Thus,  the  actual  velocity  components  at  the  points  in 
question,  in  dimensional  form,  would  be  obtained  by  multiplying  the  print¬ 
out  variable  by  (A)  (flR). 

THE  SUPPLEMENTAL  FUSELAGE  PROGRAM 


Operation  of  the  supplemental  fuselage  program  requires  specification  of 
the  number  A/  of  fuselage  elements  to  be  considered  and  the  coordinates  of 
the  four  vertices  of  each  of  these  elements.  As  noted  previously,  the  size 
of  these  elements  must  be  varied,  depending  on  local  curvature  and  the 
accuracy  of  the  flow  representation  desired.  Computing  time  or  the  main 
program  increases  rapidly  with  Nf,  so  as  large  an  element  size  as  possible, 
compatible  with  accuracy  requirements,  should  be  selected. 

As  an  example,  the  inputs  used  for  computing  the  source  strengths  needed 
to  represent  an  idealized  UH-1B  fuselage  are  tabulated  on  the  pages  which 
follow.  The  element  sizes  chosen  for  this  case  appear  to  provide  a 
reasonable  compromise  in  meeting  running  time  and  accuracy  requirements. 
Note  that  the  vertices  are  numbered  in  the  clockwise  sense  with  the  element 
viewed  from  outside  the  fuselage. 


35 


t 


r 

f 


! 

i 

I 

1 

f-T 

f 

i 

1 

l 

! 

1 

I 

. 

UJ 

| 

! 

I 

1 

a. 

\ 

, 

< 

— < 

r—4  H 

*<4!  1  4 

. 

1 

-J  o 

o 

o 

OiO 

o 

o  o  o 

ojo 

i 

1 

'  CO.  | 

1 

1 

1  1 

1 

1  1  1 

1 1  1 

1 

1  1 

LU 

LU 

UJ 

UliLU 

UJ  UJ  UJ  LU 

UJ|  LU 

HO 

o 

o 

OIO 

O 

o  o  o 

OjO 

i 

i  <.o 

o 

o 

OlO 

O 

o  o  o 

0|0 

: 

o 

o 

o 

o;o 

O  O  O  O 

OiO 

! 

i 

LU  O 

o 

o 

o' o 

o  o  o  o 

O’  0 

: 

hJ  in 

in 

in 

in  in 

in 

in  in  m 

in'  in 

i 

t— «  • 

• 

• 

•  <  • 

• 

4  •  I 

•i  # 

f 

oo  o 

o 

o 

0 

0 

o 

0 

0 

0 

OiO 

1 

i 

. 

LU 

i 

rg 

rg 

sO 

00  00 

00 

CC 

* 

*— 4 

o 

UJ 

UJ 

UJ 

o 

UJ 

UJ: 

UJ 

o 

QZ 

£Ci 

CC 

s: 

O  O; 

o 

< 

UJ 

UJI 

UJ  j 

cz 

Q 

oi 

O  • 

o 

rg  o 

o 

oo  o  o  o  o 

az 

o  | 

l\JO  <0 

■ 

CL 

O  UJ 

UJ 

vO  .-I  rg 

it 

II 

n 

11 

• 

•  o  o 

•  •  1 

> 

O  0:0 

in 

cm  in  o 

V- 

UJ 

(NIC' 

*o 

nj 

M 

vO'O 

-r 

o 

< 

r\j 

r—I 

»— < 

n 

OO 

• 

• 

Z 

00 

O 

o 

cz 

U- 

O 

h- 

c— 1 

a 

o 

*— < 

2: 

II 

II  II 

II 

il  il  II 

> 

V- 

l— * 

UJ 

OO 

< 

c 

o 

lu 

z 

i~ 

CL 

«— * 

o 

o 

o  O 

o 

H  H 

o 

oo 

_J  o 

o 

o 

O  O 

o 

o  o  o 

0  0 

< 

»—< 

UJ 

cc 

CO 

3C 

l— 

X 

o 

O 

UJ 

UJ 

LU 

UJ  LU 

UJ 

IU  UJ  LU 

UJ  UJ 

oo 

o 

V- 

<r 

H 

LL  O 

o 

o 

O  O 

o 

o  in  o 

0  0 

a: 

UJ 

_l 

o 

_J 

o 

o  o 

in  o 

O  O 

in 

o  «c 

m  <r 

UJ 

o 

a 

X 

UJ 

< 

o 

m 

v0 

r-  gD 

ro 

o  >t  in 

0  in 

i- 

< 

> 

H-4 

OO 

«— «* 

LL 

X  o 

in 

'J- 

O  sr 

in 

O' — *  eg 

rg  eg 

Cl 

UJ 

r> 

_J 

H  •-< 

CO 

r- 

r-  i>~ 

CO 

rH 

pH 

C 

cc 

cc 

< 

u. 

<r 

— H 

> 

O  t 

• 

• 

•  • 

• 

•  •  t 

•  • 

a 

♦—* 

_J 

N 

0 

0 

o 

0 

0 

0 

0 

0 

0 

O  O 

LL 

a. 

IL 

LL 

H— 

< 

»— < 

UJ 

_i 

O 

a 

O 

O 

►—i 

z 

z 

aZ 

UJ 

z 

»— < 

►H 

H 

X 

OC 

a: 

CC 

cc 

LL  < 

H  IL 

LO 

UJ 

UJ 

UJ 

IJU 

w-* 

—  o 

<  z 

cc 

03 

03 

CO 

ca 

n  hh 

X 

X 

X 

X 

-•  X 

CL  CO 

o 

13 

z> 

o 

00 

oo  < 

3 

_l  S.  M 

Z 

z 

z 

Cl 

CL  _J 

X 

<r  cc  > 

» 


oooooooooo 

oooooooooo 

oooooooooo 

Q-O  oooooooooo 

OvOO'tNjinaD— I'tr'-o 
,-j  _<  eg  rg  rg  m 


36 


330.000  0.114656  01  0.50000E-01 


NO.  OF  BLADES  =  2  NO.  OF  AZIMUTH  STATIONS  =  12  NO.  OF  REV.  OF  MAKE  *  A 

LAMBDA  =  0.20900E-02  MU  =  0.14650E  00  ALPHA  T  =  2.620  DEG.  DELTA  PSl  »  30.000  PEG 


l/> 

OJ 

UJ 

cc 

o 

UJ 

o 


CC' 

UJ, 

O' 


(/> 

a 


O  0,0 
UJ*  I  I  I 
NI.UJ  UJ'UI 
-»iO  o  o 
to  o  olo 
o  o'o 

UJ  o  o  o 
UNlA 

O  •  •’  * 

u'o  o  o 


o 

X- 

t-LL) 

o  cm 
2  ro 
UJ  S- 

CC  o 
*7< 


o  o  Oj 

tU’U)  UJ 

irt  trvf 
O  o  O; 
O  S-  H 
CM  fsl  OJ] 


to 


OJ  OJ  OJ  . 
O  O  O  ( 


O  O  0,0 

I  I  I  I 

UJ  UJ  u’  UJ 


o  o 
1  I 

UJ  UJ 

o  o 
o  o 
oo 

OO - 

lA  m  in  m  !A‘IA 


i  O  O  O 
i  O  O  O 

►  o  o  o! 

►  o  o  o; 


o  o  o 
I  I  I 

UJ  UJ  UJ 

0.0  o 
CO  o 
o  o  o 
o  o  o 
in  m  in 


—4  ^  H 
0  0-0 
1  ‘j 1 

UJ  ui  UJ 

o  oo 
o  oo 
o  ojo 

O  0^0 
in  ini  in 


O  O  O  O  o  o'o  O  O  O  O  OO  o  o  O  O  O] 


o  o 

I.  I 

UJ  UJ 

oo 
o  o 
oo 
oo 
in  in 


. 

o  o  o  o  < 

III* 


0,0  o 

O  O  OiO 

- © 

o 


-4*  -4  -4 

o;o  0:0 

.  ...  I  I  I  I 
UJ,  UJ  UjjUJ  UJ  UJ  UJ.UJ 

~ - ojo  0  0 

0:0  0,0 
00  0,0 
c:o  0  0 
m'm  m  m 


o’o  o 
0.0  o 

in  m  in 


■^-*000 

00000 

UJ  UJ  UI  UJ  UJ 

cm  cm  m  in  o 
OrtNNin 
o  I-  <0  O  *0 
cm  o  cm  O'  r j 

—4  —4  O'  Is*  S“ 


OJO 

00 

tu]  tu 
Ot  in 
in!s- 

-0!a- 


0-4-4 

000 

UJ  UJ  UJ 

in  cm  cm 
f"  n  o 
o  t-  o 
NON 
O'  *-• 


[ 

i 

*-t  —i  *4 

O  O’O 

UJ  UJ  UJ 
in  u\  rg 
m  1^0 
NHO 
rg  si  rg 


—  O 

o  o 

ui  UJ 

cum 
o  s- 

S-  O 
O  eg 
-to* 


0:0  O] 

0.0  Oj 


m  1 


000 
1  1  1 
uriui  uj  uj 

000 

000 


OJO  o  o 
000 


000 

I  I  I 

UJ  UJ  UJ 

000] 

O  o  O’O 
o  o  0)0 
o  o  0.0 
in  in  m  m 


-4  -4  -4*  *4  —<|-4  w4  -4  — *}— < 


OOOO 
I  I  I  I 
UJ  UJ  UJ  UI 

0000 
0000 
0000 
0000 
m  m  in  in 


OJO 
I  I 


00 

I,  t 

UJ  UJ 

o  o 
00 
o  o 
0  o 

in  in 


olo  O 
I  i 

UJ  UJ  UJ 

ojo  o 
0S0  o 
O'O  o 
OiO  o 

in*  in  m 


o  o, 
I  I 
UJ  UJ 

o  o 
o  o 
o  o 
o  o 
in  m 


O  O  O  O  o  ojo  OOOO  Oj o  0000  ojo  o  o  0.0  ojo  o  o 


O  O  -4  -4  .4 

000  O'O 


ujuiuHujujujuj'uj 
inoOiinmcNjiMin 
r-  in  m;r-  s-  mom 
0'g>g>;  cs-os-or^ 
O'  rg  rg;  O'  cm  o  cm  cm 

SNMf-  cs-*4  -*  -4 


— <  O 

o!o  o  o 

U^UJ  UJ  UJ 
in' eg  eg  in 

n  o  ro  s- 
nIo  s-  gj 
nr  rg  o  cm 

«-<1  »-4  -4  CS 


o  o  o;o 
o  o  0,0 

UJ  uj  uj|uj 
m  0  o!m 
n  inin'N 
O'  >0 

O'  ro  cm!  O' 
s»  e-  S',s- 


O  -m  —  -1  -4] -4  -4  o  O  O  0(0  o 

0000  o’o  o  o  O’O  0,0  o 


UJ  UJ  UI  UJ  UJ| 

m  cm  cm  m  m 
n  n  o  n  n 
gj>ONH 
eg  O  rg  rg  rg] 

O  r4  .4  -4 


UJ  UIUJ  UJ  UJ  UJ  I 

eg  cm  m  m  o  ol  i 
on^Nin  mji 
ONOO'O  sOjO*  «0 
CMOCMO'CMCMiO'CM 

— •  0  r-  s-  s-jr-  O'' 


UJ  LU 
m  m 
s-  s- 


000001 


I  o  o  o 


o  0.0 

i 


0000  00  OOOO 


•1  • 

0.0  o  o  < 

I 


00000000  o;o  00000000 


*<MCMCMCM-JcM<M~<rg-40i 


DO  O',  OOOOO  o'o  OOOO  o’o  OOOO  OO  OOOO  0,0  OOOO  OO  O  O 
1  1  1 }  1  1  1  1  1  if  1  1  1  1  1  1 . 1  1  1  1  1  1*  1  1  i  1  1  1  m  1  1  1  1  1 ;  1  1 


OOOOO  0.0  OOOOOOOOOO  Oi  OOOOO  O’O  o  o 

1 ;  1  1 


O  -4  -J.—l  -4  -4  ~4  -4  -4]'*  o  -4  O  O  O  -4  0.-4  -4  O  -4  ~4>0  O 

-  ■  “  “  *  -  00000000000000000 

UI  UJ  UJ  UJ*  UJ  UJ  UJ  UJ  UI  Ull  UJUIUIUJUJUiUlUJUJUlUJUlUJUJUJUlUJ  UJ’  UJUJUJUJUJUJUJUJJJUIUJUJUJUIUJUIUJ  UJ'  UJ  UJ 

H®-4(D|SN«onvfinln<oO'ON'ChOnnninwfM^ <  g  n  co'm  ia  o  in  ing’fo®C''ONgonnc 

in  -4  cm  m  0*  ®  co  O'  as,  »o  o*  O'  -«*  cm  «*■  m  o  «n  0*  o*'  as  o  cn  >0  'i*  c-  o>  O'  O'  o  r-  a*  f-  M’l©  g>  o  eg  in  f-  **  r- 

>  O'  o  rg  o|ro  v  g-  >o  o  -4~*  o  o  g-  g)  uv  s»  tn  s-  g>  <o  o  o  r»  o  o*  s-,s-  -4  o'  rg  oo  oo'so>  o!gj  g-  co  ^  g  -4-m  m 

o  n  -<  n|o  n  n  mm  N'in  ^  in  - <  O'  g,o-NN-*^Mor>'j  oun  n  <g  n  i<i  s  rvj  o  o  n  iA'O  ^  iri  n  ^  m  g- 

Hnwg-jo-Hin^M^j’On^noiAing^-i^K'ON'ON’OM'OfMgno^gHHN^O'iNnfMnr-gcoH 

000  010  00000.00000000000  0.0  0000  0.0  0000  00  OOOO  o,c  00000000 

I  II  1 1 1  I  I  'll  I  I  I  I  III  III  III 


r 

UJ 

UI 

u; 

UJ*  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

Uj 

UJ 

UJ 

u>  tu 

UJ 

u; 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

wJ 

vu 

UJ  UJ 

jj 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

tu 

UJ 

UJ  tu 

UJ 

tu 

tu 

tu 

UJ  UJ 

:u 

01 

rg 

® 

0 

CM- 4 

CO 

0 

>0 

-4  S» 

s- 

>0 

O 

-4 

0  ® 

0 

•0 

rg 

g> 

-4  r- 

0 

0 

g- 

S. 

-4  sr 

Ng 

in 

O 

<4 

rg 

cs 

cs 

ro 

-4 

ro 

ro  0 

ro 

— * 

g- 

0 

0  s. 

0 

z. 

X  CM 

0 

in 

os- 

g) 

0 

CO 

—4 

0  0 

0 

-4 

s- 

—4 

CM  O 

0 

s- 

in 

® 

s-  g> 

CO 

s- 

CO 

0 

0  a 

0 

-4 

ro 

IT 

g- 

s- 

NO 

g- 

gj 

0 

ro  ro 

ro 

ga 

CO 

ro 

0  s- 

.4 

uj! 

>  s- 

-4 

O'  s- 

—4 

0 

CM 

rg 

g>  r- 

CM 

rg 

0 

CS 

g>  -4 

in 

-4 

CM 

0 

g-  ro 

in 

—4 

0 

s- 

CO-O' 

' t 

ro 

0 

C* 

CM 

in 

-4 

0 

CM 

ro 

-4 

>0 

-4 

co 

0 

ro  g- 

0 

—4 

CM 

0 

rg  -4 

-4 

-r 

—4 

—4 

0  rg 

rg 

rg 

eg 

0 

g*  0 

0 

g- 

O 

CM 

g-  cm 

-4 

-4 

-4 

0 

g-  0 

CM 

>4 

CM 

CM 

g- 

-4 

0 

0 

O 

—4 

g-'O 

CM 

rg 

-4 

CM 

rg  —* 

^4 

a. 

s* 

s- 

r-.f- 

r- 

g> 

s- 

1^  s- 

s- 

s* 

s- 

s- 

s-  r- 

g) 

s- 

r- 

r-  s> 

s- 

S' 

S' 

S-  S' 

s— 

s* 

S- 

s- 

s» 

s- 

r- 

S- 

s- 

S-  S' 

S' 

s- 

s- 

s- 

s-  s- 

s. 

0  0 

0 

OO 

1 

O 

0 

0 

O 

O  O 

O 

O 

O 

O 

00 

O 

0 

0 

O 

0  0 

O 

O 

0 

0 

O  O 

O 

0 

0 

O 

0 

0 

0 

O 

O 

O 

d  0 

O 

O 

0 

0 

0.0 

0 

0 

—4 

-»<o 

O 

0 

0 

O 

O  O 

O 

O 

O 

0 

0  0 

0 

0 

0 

O 

O  O 

0 

O 

0 

0 

O  O 

O 

0 

0 

O 

0 

0 

0 

O 

—4  »4 

.  < 

-4 

—4  —4 

-4 

0 

O 

o>o 

O 

0 

0 

O 

O  O 

O 

O 

O 

0 

0  0 

O 

0 

0 

O 

O'  0 

O 

O 

0 

0 

00 

O 

0 

0 

O 

0 

O 

0 

O 

O 

0 

0.0 

O 

O 

0 

0 

O  O 

O 

0 

U) 

UI 

UJ  UJ 

UJ 

UJ 

UJ 

UI 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UI  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

tu 

tu  UJ 

UJ 

tu 

UJ 

UJ 

UJ  UJ 

UI 

tu 

«#• 

r- 

—4  S- 

r» 

0 

0 

in 

O'  V* 

® 

CM 

r- 

—4 

m  0 

*g 

® 

O 

s- 

-4  gj 

0 

g- 

O' 

0 

ro  cm 

O 

—4 

m 

0 

g- 

ro 

CM 

s- 

g- 

ro 

0  S' 

rg 

g) 

—4 

ro 

0  g 

CO 

0 

® 

OjP^ 

o'o 

CM 

0 

-4 

in 

O' 

® 

O 

s- 

CM 

g>  -4 

m 

0 

g- 

® 

0  s- 

CM 

g> 

0 

m 

0*  g- 

® 

0 

S' 

—1 

nO 

0 

ro 

ro 

ro 

rg 

0  S' 

ro 

rg 

0 

ro  eg 

O' 

s- 

CO 

s- 

rg 

0 

•0 

—4 

O' 

gj 

-4  O' 

sO 

0 

<4 

ro 

g).  0 

-4 

ro 

g> 

0 

O  CO 

m 

0 

0 

CO 

m 

0 

O 

s- 

*4 

g- 

S'  O' 

CM 

ro 

ro 

0 

0  g> 

CO 

—4 

s- 

rg.o 

0 

O' 

O 

CM 

in 

® 

-4  0 

0 

CM 

g- 

s-  0 

O 

in 

ro 

—4 

g-  O 

O' 

CM 

in 

s» 

0 

0 

g> 

ro 

O 

0 

0  0 

-4 

-4 

-4 

rg 

CM  CM 

rg 

O 

1 

CM 

n 

®‘-« 

-* 

—4 

—4 

CM 

CM  CM 

O 

O 

0 

O 

g  g 

-g 

g- 

m 

in 

in  gj 

•O 

0 

0 

s- 

s-  s- 

s- 

ro 

ro 

ro 

0 

cs 

0* 

ro 

— 

-4 

-4  -4 

-4 

-4 

4 

— «  -4 

-4 

•4 

0  0 

1  1 

0 

0.0 
1  1 

0 

1 

c 

1 

O 

1 

O 

1 

O  O 

1  1 

O 

1 

O 

1 

O 

1 

O 

0  6 
1  1 

0 

1 

0 

i 

0 

1 

O 

l 

O  0 
1.  l 

O 

1 

O 

l 

0 

1 

0 

l 

00 

1  1 

0 

l 

0 

l 

0 

1 

O 

l 

0 

1 

0 

1 

0 

1 

0 

1 

O 

l 

0 

d  d 

1  1 

O 

1 

O 

1 

0 

O 

1 

0  d 

1  1 

d 

1 

O 

1 

O 

0 

-4,0 

0 

r- 

O 

O 

^  O 

O 

g> 

0 

O 

-4  0 

0 

g> 

0 

0 

-4  0 

O 

g) 

0 

0 

-4  O 

0 

g> 

0 

0 

—4 

0 

0 

N0 

0 

0 

-4  0 

O 

g> 

0 

O 

-4  0 

0 

g) 

» 

O 

0 

OJO 

0 

O 

O 

O 

OO 

O 

0 

O 

O 

00 

0 

0 

0 

0 

O  0 

O 

0 

0 

O 

0.0 

0 

0 

0 

0 

O 

0 

0 

O 

O 

0 

0.0 

O 

0 

O 

O 

0  0 

0 

0 

* 

UJ 

UJ 

uiuj 

UJ 

UJ 

UJ 

UJ 

UJ  UI 

UJ 

UJ 

UJ 

UJ 

UJ  Ut 

UJ 

UI 

UJ 

UJ 

UJ.  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UI 

UI 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

tu 

UJ 

UJ 

UIUJ 

tu 

UI 

0 

0 

O'  0 

0 

g 

0 

O 

O'O 

0 

r- 

0 

O 

0  0 

0 

in 

0 

0 

0  0 

0 

0 

0 

0 

0  0 

0 

CM 

0 

0 

0 

0 

0 

-1 

0 

0 

u  '•n 

0 

CO 

0 

0 

0  0 

0 

S' 

< 

0 

0 

o’o 

0 

0 

O 

0,0 

0 

-4 

0 

O 

0  0 

0 

in 

0 

0 

0,0 

0 

0 

O 

0 

0,0 

0 

—4 

0 

0 

0 

0 

0 

r4 

0 

O 

O  0 

0 

0 

O 

O 

0  0 

0 

g> 

>- 

0 

0 

0  gj 

0 

n 

0 

' 0 

0  g5 

0 

0 

0 

g> 

0  0 

0 

g* 

0 

0 

O’O 

0 

g> 

O 

g> 

Os 0 

0 

ro 

0 

0 

0 

g) 

0 

ro 

0 

>0 

O  g> 

0 

. .  < 

0 

O 

0  >0 

0 

CM 

0 

g> 

0(0 

0 

-4 

0 

•o 

o' g) 

0 

CM 

0 

g) 

0  0 

0 

-4 

0 

g? 

0, 0 

0 

g- 

O 

g) 

o;g> 

0 

O 

g> 

0 

g> 

0 

(M 

0 

g) 

0  g) 

0 

g- 

O 

g> 

O  N 0 

0 

0 

i 

m 

co 

-41  GO 

in 

g) 

in 

® 

-4'  co 

in 

—4 

in 

® 

-4  ® 

m 

CM 

in 

ro 

-4.  00 

in 

CM 

m 

ro 

-4  ro 

m 

rg 

in 

ro 

—4 

ro 

ro 

g" 

ro 

ro 

-4  ro 

ro 

0 

ro 

ro 

-•  ro 

ro 

g 

0 

0 

O 

O'O 

O 

0 

0 

O 

0.0 

0 

O 

O 

0 

0  0 

0 

O 

O 

0 

bid 

0 

O 

0 

0 

O  O 

0 

O 

O 

0 

0 

0 

0 

0 

0 

0 

0  0 

0 

0 

O 

0 

0,0 

0 

0 

I  I  I  I  I  I 


I  I  I  I  I  I 


<-4  0  0  O'O  OOOOO—4*^*^^"-*— ^OOOO^*^— -4’ 
000  OjO  0000  0.0  00000000000000000 

Uj  UJ  UJ  UJ)  UjUJUJUJUJUJUJUJUIUJUJUJUJUJUjUJUJUJUJUJUJUJUJUJ 
ommco(7'C7'Nr'J-rgM'imo'inrg®'rfnr^(7'0,'inrgcosrON-rnc' 
og5rg®'r®rg’00'0’n®c*CMCMC'0'Orga>rgc'inOTO«-*cM®. 
KO('JrtP',^NOO'^C''00*"ON'f,  g)’0P'0'^OC0N^fflC'’0l 
0»f^NCsCO«rN4CO(MNO,COJ'-4NMMDO^HOfflS»fO 
*40'OfM-<gi/'W^>6l^*4*4<4H«-^N.»fm/lH^4fMNNNCMN 


OOOOOOOOOOOOOOOOOOOOO 


UJ  UJ  UJ  UI 
rg  co 

in  o  ®  o 
v  in  c*  o 
g>  m  rg  in 


UJ  LJ  UJ  UJ 

Hi-no 
cm  co  in  ® 
in  rg  o  M- 
r»  m  -4  m 
— 4  cm  fn  m 


u  J  Uj 

g>  cm  ® 

®-4-4 

mo-* 
r-  r-  >r 

moo 


UJ  UJ  UJ  UJ 

in  -4  r-  o 
o  in  in  co 

co  o  r-  -4 
O'  m  CM  CM 
CM  CM  CM  CM 


*11  U  UJ  UJ  UI  u. 
O'  gj  CM  CO  in  -4 
CD  4  CD  ^  f*.  CC 

ms  g  pg  >0  ^ 

vr  ®  O’T'C 

CM  CM  O  sj*  Nf  sf 


000  o*  00000000000000000  o'  000000000000000000000000000 

1111 


s-  -4  rg  o  sf.m  g)r~®0'0-4rgo>r 


rgo>ring)s-®oo-4rg,  Ovfing)h-®<7'0-4CMo.ring5s-®cro-4rgOsj-mg)s-®0' 
— i^g^^^^4^-4rgrgrg>rgrgrgrgrgrgrgooooO'Ooooovr;>f'J’  stvf  g  nT 


37 

rrr- 


r 


V 

4 


<4 


7. 

O 


3 

CO 


O 

> 


< 

uo 


o:  »- 

o  D 

>  £ 


< 

D: 


O 

o 


■ 

i-J  H1  »H 

►H  r-4  H  i-J  «J 

»«4  *4  H  ^4 

O  OO  O 

OOOOOO 

OOOOOO 

UJ  1  1  1  1 

1  1  1  1  1  1 

1  1  1  1  1  < 

KJ  UJ  UJ,U4  UJ 

UJ  UJ  UJ  UJ  UJ  UJ 

iii  tn  m  in  11  j  m 

• 

*+.a  OtO  0 

0  olo  000 

O  0*0  OOO 

0 

m  0  00  0 

OOOOOO 

O  OO  OO  O 

' t  UJ 

0000 

OOO  OiO  0 

OOOOOO 

0 

UJ  0  0  0  0 

000  0,0  0 

OOO  0.0  0 

II 

oc  in  in  in  in 

m  m  u\  m  m  m 

in  in' in  in  in  in 

0 

0  •  •  •  • 

«••••• 

HAKE 

30.00 

00000 

OOOOOO 

0 

0 

0 

0 

0 

0 

u. 

O  M 

0000 

O  0  -* 

-1  —  0  0  c  0 

0000 

X 

000  00  0 

OOOOOO 

*  ~ 

U-  UJ  UJ  UJ  UJ 

UJ  UJ  UJ  UJ  UJ  UJ 

Uj  U  UJ  UJ  UJ  UJ 

>  in 

0  in  in  0  0 

in  in  oj  <m  in  in 

oj  oj  in  m  0  0 

uj  a. 

7  f-  in  in 

r-  o-  m  0  co  m 

c  ro  o-  f-  m  in 

uj  *0  0  O  45 

0  *0  O-  O'  0-  0“ 

0  o-  «o  O'  *o  -o 

< 

OC  OJ  O'  OJ  OJ 

O'  04  0  oj  ru  oj 

04  O  OJ  O'  04  OJ 

u.  u- 

WCNKN 

HHONNO 

O  -J 

in  •  •  •  • 

tjj 

•  a 

0 

\7 

0000 

0 

0 

0 

0 

0 

0 

OOOOOO 

_  . 

o  o 
i  I 

UJ  X 

o  o, 
o  o 
o  o 
o  o 
m  it 


o  o  o 
I  I  I 
UJ  X,X 
o  oo 
o  o  o 
o  oo 
o  o  o 
in  m  in 


OiO 
I  t  ■ 
UJ  UJ 

oo 
OIO 
OIO 
O  O 
inlm 


O  0-0  O’O  O  O  O  O  O  O  o! 


O  O 
I  I 
UJ  UJ 

o  o 
oo 
o  o 
o  o 

in  in 


oo 
I  I 

UJ  UJ 

oo 
o  o 
o  o 
0*0 
in  m 


olo 


UJ  UJ 

o  o 
o  o 
o  o 


o  o  o 

I  I  I 

UJ  UJ  UJ* 

o  o  o 
o  o  o 
o  o  o 
o  o  o 
m  in  m 


O  Oj 

l  i, 

UJ  UJ 

o  o 
o  o 
o  o 
o  o 

m  in 


oooooo 


o 

UJ 

o 

o 

oj 

4) 


II 

< 
in  i 
7  a 
O  -J 
< 


to 

UJ 

UJ 

cc 

o 

UJ 

o 


►4 

< 

o 

U  O 

o 

UJ 

♦  o 
a  n 
7  45 
4 


£ 


vo 

a 


oj 

OJ 

it  O 

I 

m  iti 
UJ  O 

a  o 
<  co 
-j  o 

CD  oj 

• 

U.  o 
O 

II 

• 

o  < 

r.  a 

03 

X 


^  ^  ^  (\J  N  W 

o  O  o  o’.o  OOO 


UJ  UJ  UJ  UJ 

a  4  »■*  O'] 

‘sir-covro- 
>  O'  OO  4  4, 
O'  O  O  coj 
o  4  co  oo 


UJ  UJ  UJ  UJ 
•0  0-0  1^ 
co  oj  45 

o*  in  — •  m 
in  co  in  in 


oj  «-*  oj 

O  O'O 

UJ  XIX 

>o  ^jo¬ 
in  OJ  4 

C'  m|co 

-<  -»iO 
-  4-1- 


o  o  -*o  o  o  o,o  o 

o  o  o  o  o  o  o  o  o  o  o  o  o  o 

UJ  UJ  UJ  UJ)  Ui  UJ  UJ  UJ  UJ  UJ.  UJ  UJ 
ojojininiojojininoo'.inui 
n  o,n  n  o  o  o  in  in  o  o 

0'45r-00-MOf'*«'00''0  45|0‘45 
O'cgOojnjojAjOojC'OjojjO'Oj 
fv  ^1  r-4  r-4  r-4  r*t  —4  O'  N  f*  0-1  h-  O' 


UJ  UJ  UJ  UJ 

oj  oj  in 
co  o  m  oil 
o-  o  r*  o-( 

O  OJ  OJ  OJ; 


—*  •+  i*  ^**-*0  0.0  0 

o  o  o  olo  o  o  o  o  o] 


UJ  UJ  UJ  UJ  UJ  UJ 

oj  oj  in  m  o  o 
0^0  N.m  in 
ON'0  0"0>0 
OJ  O  OJ  O'  OJ  OJ 
^  O'  0-  o-  o* 


UJ  UJ,  UJ  UJ  UJ  UJ 
in  mi  oj  oj' m  m 
NKmoj^n 

OsOO-Oih-O- 

0s  oj  o  oj;  oj  oj 


O  O'O  O  O  OiO  O  O  O  O  O'O  O  O  O  O  O' O  O  O  O  O  OIO  0.0  O'O  o 


OJ  OJ  -4  -*  o>-4  OJ 

O  O  O  O  OjO  o 

X  X  X  X  XiX  X 

o  oj  o  n  o  m  hj1 
n  o  o  oj  n  co 

CO  04  CO  O-  0  04  O 

G  cn  h*  o*)  oj 

-<  O'  O*  cOl  C5  — 


OJ  OJ  OJ 

o  o  o  o 


CM  OJ  OJ  OJ  «-4  Of  ^NOJfNjrj-^jOJfMNf'J>^HH*^H'^^'1‘] 

o  o  o  o  o  olo  o 


I  o  O  O  OIO  o  O  O'O  OjO  O  O  OjC  o! 


OOOOjOOOO 
I  I  I  1 1 1  I  I  I 


O  OIO 

i  i : » 


UJ  UJ  UJ  UJj  UJ  UJ  UJ  UJ  UJ  X|  UJ  UJ 

co^oroiin-^O'j’inoiO'O 
oo  ri  >j'lco-<^-'0  J-jON 
^04— ,4coinojcocolO'in 

vj  ^  ol-^  ^  n  oj  o  ^ 

-4  _4-.4  rO|  — «  — <  ^4  CO  OJ;  CO  —• 


xxxxxxxxxurxx,  x  x‘  x  x] 
incM4h-~««-«4oj4  <rl«o^'CMn|<OH 

IAOO^NNO>  4’  O  m[  '  - - 

CO  « 


m  co  -4  co.  -*  in  4  oj  in  -4j  in  co  co  as]  f-  in] 


-*  COl^4  -4  r4  -4  CD  -* 


O  O  O  O  OiO  o 
11111,11 


OOOOJOOOOO  0,0  o 

I  I  I  I  •  I  I  t  I  I  It  I 

I 


ooooi  oooooo 

I  I  I  I  I  I  I  I  t  I 


04  CO  -^j  O  CO 

-4  K  O'  4  in  ~*\ 


45  o  o  in;  in  m 


o  o.  o  o;  o  o 
i  i  i  i 1  i  i 


>0000  0*00000  000000  OiO  OOOOOiOOOOOO,  ooooooj 
;  I  I  '  iii  I 

uj  uj  uj  uj|  uj  jj  uj  uj  x  uj  uj  uj  uj  uj  uj  uj-  uj  aj  uj  uj  uj  xi  uj  uj  uj  uJ  uj  Ui(  ujojujujiuujujujjiuuj  x;  x  x  X  x  x  X 
-one*  CO'^  O  f'j  M  -I-'  O'  O'  >0  CO  C'I^‘  tA  O  >0  O'N  OCJOOlft'O'O^OCO  n]N  O'  CO  C  NO'  0,0  O'  OJ  03 
NOOc^O'fflO^'Orjnmo  oj  co  og  n  n  iniO  cm  45  in  oj  o,ro  co  rj-  co  oj  ojm 
0'>‘no330N-J4\:0'wunoo^ohO'i,'OOOco-«^<Ma'00'>oojoocoHin*fO'inrt 

rg  Niro  n  o'  vo  in  41-oj  o  in  0  o  coin  -4^0-1  n.o  onO'®ONO'-<NinO‘i,Nf<>ooo 

r-^ir^uOsT— »>j-m>Ofn-40j«c-^;oojr-oj'OcotnojC'^inov*oojpocn'0«-*|oj'Ooj%#'^>r 


000  . 

000  ojo  o  o  o  < 


>®no^mM«ro 

>0104*  -O' CO  -u  fO  O 

aj'OOoj.ojmmco 


cn 

£ 

D 

7 

UJ 

O 

< 


O  0,0 


>  0,0 

I  * 


UJ  U/ 

o  in 


4-  ^ 
QO  4* 


0 

• 

0 

• 

0 

1 

•  • 

O  O 

1  1  1 

0 

• 

O 

1 

• 

0 

0 

•  • 

O'O 

1 

• 

0 

1 

• 

O 

1 

0 

1 

• 

6 

•* 

0 

1 

• 

O 

1 

• 

O 

1 

0 

1 

0 

• 

0 

•'  • 
00 

1 

0 

1 

• 

0 

• 

0 

• 

O 

• 

O 

* 

0 

1 

• 

O 

1 

• 

0 

1 

0. 

0. 

*\ 

0 

1 

t 

0 

1 

• 

0 

l 

4 

O 

0 

« 

O 

«l  • 
o!o 
•  1 

• 

0 

• 

O 

1 

• 

O 

1 

• 

O 

« 

O 

r 

O 

1 

*  • 

OO 

1 

04 

OJ 

04 

04  04 

Oj 

OJ 

OJ 

OJ 

OJOJ 

OJ 

CM 

OJ 

OJ 

OJ 

OJ 

oj 

CM 

OJ 

CM 

CM  OJ 

OJ 

CM 

CM 

OJ 

CM 

CM 

CM 

OJ 

CM 

OJ 

OJ 

OJ 

OJ 

OJ 

OJ 

OJ 

\ 

oj’oj 

OJ 

OJ 

OJ 

OJ 

OJ1 

OJ 

OJ 

0 

0 

O 

O  O 

O 

0 

0 

0 

O  O 

O 

O 

0 

0 

0 

O 

O 

O 

O 

O 

O  O 

0 

O 

O 

0 

O 

O 

O 

0 

O 

O 

0 

0 

0 

0 

O 

0 

0  0 

O 

0 

0 

0 

°! 

O 

O 

UJ 

UJ 

UJ 

UJ  UJ 

U, 

Uj 

X 

UJ 

uj- 

UJ 

UJ 

UJ 

UJ 

UJ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x,x 

X 

X 

X 

X 

UJ1 

X 

X 

OJ 

n 

K. 

-*  0 

OJ 

30 

25 

in 

—* 

OJ 

4 

0 

OJ 

CO 

m 

in 

30 

O' 

CO 

n  0 

CO 

4 

4) 

O' 

co 

45 

0 

45 

OJ 

O' 

0 

rM 

0- 

—4 

r* 

0  0 

-4 

4 

OJ 

co 

41 

4 

X 

0 

vO 

—4  r-4 

45 

4- 

«o 

OJ 

O'  4 

4 

in 

CO 

r- 

0 

CO 

CO 

4 

«4 

r-4 

CO- 

0 

4 

O 

r-4 

co 

CO 

in 

CO 

0 

O' 

O' 

in 

4 

CO 

—4 

4 

45 

0  O' 

O 

45 

r-4 

O' 

OJ 

in 

—4 

> 

1 ^ 

r- 

o-  O 

O 

n 

f- 

~4, 

0 

30 

rO 

O' 

in 

OJ 

CO 

r-4 

& 

m 

O 

h-  0 

r- 

C 

4 

CC 

4 

4 

45 

CO 

co 

r4 

45 

O' 

45 

(M 

OJ 

0- 

45  co 

CO 

4 

O 

CO 

K 

•* 

CO 

0 

O 

—* 

OJ  04 

—t 

OJ 

CO 

4 

r-4 

OJ 

O 

«*4 

4 

OJ 

OJ 

r-4 

OJ 

CO 

4‘ro 

r* 

O 

r4 

OJ 

4 

OJ 

O 

0 

O 

CO 

4 

CO 

OJ 

OJ 

OJ 

OJ 

co  0 

0 

O 

O 

rrl 

OJ 

CO 

OJ 

r- 

h- 

o- 

r- 

r- 

0- 

r- 

O- 

K. 

0- 

CO 

r- 

o- 

f- 

0- 

0- 

0- 

0- 

f- 

r- 

N- 

f- 

r~- 

f- 

N 

c- 

r- 

r- 

0- 

f- 

f- 

f" 

o- 

r- 

H 

r- 

O  0 

O 

O  O 

O 

0 

O 

O 

O 

O 

0 

O 

O 

O 

O 

d 

0 

O 

0 

0 

0 

0 

O 

d 

O 

0 

0 

0 

d 

0 

0 

0 

0 

0 

O 

0 

0 

O  O 

0 

O 

0 

0 

0(0 

O 

O 

—  O 

O 

0 

O 

0 

O 

u 

0 

O 

O 

O 

O 

0 

0 

O 

0 

0 

0 

0 

0 

0 

O 

0 

0 

0 

0 

0 

0 

0 

O 

0 

O 

O 

r-4 

r4 ,  tr4 

r-4 

—4 

*—4 

—4 

•4, 

1 

r-4 

rr4 

0 

V 

OO 

O 

0 

0 

O 

O 

0 

0 

O 

O 

O 

O 

0 

0 

O 

0 

0 

0 

0 

0 

0 

O 

0 

O 

0 

0 

0 

0 

0 

O  O 

O 

O 

0 

O 

O  O 

O 

O 

0 

O 

0 

O 

O 

O 

UJ 

UJ 

UJ.UJ 

Uj 

UJ 

X 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X  X 

X 

X 

X 

X 

X  X 

X 

X 

UJ 

X 

J 

X 

X 

X 

4- 

o- 

^  o- 

oj 

sO 

0 

in 

O' 

4 

CC 

Oj 

o- 

r-4 

in 

0 

4 

CO 

CO 

r-4 

45 

O 

4 

O' 

CO 

co 

CM 

45 

r-4 

in 

O' 

4 

CO 

OJ 

r- 

4 

O' 

co  r- 

OJ 

45 

r-4 

in 

0 

4 

CO 

CO 

4“ 

CO 

<^l  o- 

OJ 

«0 

—4 

•n 

O' 

4 

CO 

*0 

0- 

OJ 

sO 

n 

O' 

4 

05 

CO 

o- 

CM 

45 

0 

in 

O' 

4 

CO 

cO 

o- 

r* 

45.0 

in 

O' 

in 

OJ 

0  r- 

in 

OJ 

O 

o- 

in 

OJ 

0* 

r- 

►4 

4- 

CO 

ro  O' 

0- 

4“ 

04 

O' 

45 

4 

—4 

O' 

45 

4 

r-4 

O' 

45 

CO 

r-4 

CO 

45 

CO 

r-4 

CO 

45 

co 

0 

co 

in 

CO 

O 

CO 

in 

CO 

0 

r- 

r-4 

4 

P'tO' 

OJ 

m 

CO 

0 

CO 

4) 

CO 

r-4 

0- 

4- 

OJ  0 

-0 

O 

O' 

—4 

4 

r- 

0 

OJ 

in 

CO 

r-4 

co 

45 

O' 

OJ 

4 

0- 

0 

CO 

in 

CO 

r4 

4 

45 

O' 

OJ 

m 

f*- 

0 

<0 

45 

co 

O 

O 

ojo 

—4 

-4 

—i 

01 

OJ 

OJ 

OJ 

CO 

04 

n 

30  -• 

— < 

-* 

OJ 

OJ 

01 

«o 

*0 

*0 

rf\ 

4 

4 

4 

4 

m 

in 

in 

45 

45 

45 

45 

h- 

r- 

f- 

r*» 

co 

co 

30 

O' 

O' 

O 

O' 

r-4 

— 1 

r4 

r-4 

H 

r-4 

^4 

—4 

~4 

—4 

r4 

0 

1 

O 

1 

0 

O  O 

0 

O 

1 

O 

1 

O 

O 

1 

O 

1 

0 

1 

O 

1 

O 

O 

1 

O 

1 

O 

1 

0 

1 

O 

1 

O 

l 

0 

l 

O  O 
l  l 

O 

1 

0 

1 

O 

1 

O 

1 

O 

l 

O 

1 

O 

1 

O 

1 

O 

l 

O 

1 

0 

1 

0 

1 

O 

1 

0 

1 

O 

1 

d 

1 

O  O 

1  ,  1 

O 

O 

1 

O 

O 

l 

? 

d 

i 

O 

1 

O 

1 

30 

O 

0 

-•O 

0 

O- 

O 

O 

0 

0 

45 

O 

O 

r-4 

0 

0 

45 

O 

0 

J 

O 

O 

45 

O 

O 

O 

O 

45 

O 

O 

-*  0 

O 

45 

O 

0 

O 

O 

45 

O 

0 

r-4 

0 

O 

45 

c 

O 

0 

O  O 

0 

O 

O 

O 

C 

O 

0 

O 

O 

O 

O 

O 

0 

O 

O 

O 

O  O 

O 

0 

O 

O 

O  O 

O 

O 

O 

O 

0 

0 

O 

O 

O 

0 

O  O 

O 

O 

O 

0 

O 

0 

O 

O 

UJ 

UJ 

UJ 

UJ  UJ 

U4 

Uj 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

XX 

X 

X 

X 

X 

xfx 

X 

X 

X 

X 

x1 

X 

X 

X 

1-4 

O 

0  ro 

O 

in 

O 

<0 

0 

-o 

0 

O' 

C5 

0 

CO 

0 

05 

u 

*0 

0 

<n 

CJ 

45 

O 

CO 

u 

co 

O 

4 

0 

-0 

0 

CO 

0 

CO 

0 

CO 

O,  CO 

0 

r-4 

0 

CO 

0, 

CO 

0 

O 

O' 

O 

O 

O  O 

O 

O 

O 

0 

0 

0 

0 

r-4 

O 

O 

0 

O 

0 

CO 

0 

0 

0  0 

0 

O- 

O 

0 

0  0 

O 

in 

0 

0 

0 

O 

0 

in 

0 

0 

OiO 

0 

^4 

0 

O 

0 

0 

0 

•-* 

V 

r- 

O 

0 

O  >0 

O 

45 

O 

45 

0 

45 

0 

m+ 

O 

45 

0 

45 

0 

OJ 

0 

45 

O; 

45 

0 

CO 

O 

45 

0 

45 

O 

in 

0 

45 

0 

45 

0 

4) 

0 

45 

O'  4) 

0 

O' 

0 

45 

0 

45 

0 

O 

O' 

O 

-o 

0  >0 

O 

O' 

O 

45 

0 

45 

0 

CM 

O 

45 

0 

45 

0 

4 

0 

45 

O 

45 

0 

CO 

O 

45 

0  45 

O 

45 

0 

45 

0 

45 

0 

4—4 

0 

4) 

0-45 

0 

OJ 

0 

45 

0 

O 

0 

00 

—4 

in 

CP 

-*  CO 

in 

in 

in 

00 

a? 

m 

in 

05 

to 

in 

OJ 

in 

CP 

CO 

IT 

r* 

a* 

25 

•+ 

CO 

m 

'O 

in 

CO 

CO 

in 

in 

in 

CO 

05 

in 

4 

in 

CO 

-4, 

CO 

in 

in 

0 

0 

0 

6  0 

O 

O 

O 

0 

1 

0 

1 

O 

1 

O 

O 

1 

0 

O 

0 

O 

O 

0 

0 

1 

0 

1 

O 

1 

0 

1 

O 

1 

O 

1 

O 

O 

O 

O 

O 

O 

0 

1 

O 

1 

0  0 

1  1 

O 

l 

0 

l 

O 

O 

oo 

0 

O 

0 

l 

O 

1 

0 
1  j 

O 

1 

O  0 

1  1 

0 

0 

00 

^4 

—j 

^4 

0 

O 

0 

O 

0-4 

r-4 

O 

O 

r-4 

r-4 

r^ 

r-4 

r4 

r-4 

H 

r4 

r4  ■  4 

r-4 

r-4 

r4 

•4 

0 

0 

0 

0  0 

0 

0 

O 

0 

0 

O 

0 

O 

0 

O 

0 

O 

0 

0 

O 

0 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

0 

O 

O  O 

O 

0 

O 

a 

OiO 

O 

O 

O 

O 

0 

O 

O  O 

UJ 

Uj 

UJ 

UJ  Uj 

X 

OJ 

x 

Uj 

JJ 

-j 

Uj 

UJ 

UJ 

uJ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X,  X 

X 

X 

X 

X 

X 

X 

XX 

0 

O 

in 

CO  — * 

OJ 

CO 

4 

O 

4 

r*- 

CO 

45 

CO 

CO 

4 

0 

o- 

f*' 

C* 

in 

CM 

CO 

O 

m 

r- 

CO 

O' 

45 

OJ 

CO 

in 

r-4 

r- 

CO 

O' 

45 

OJ 

CO 

in  -« 

r- 

CO 

0 

O 

CM 

CO 

4 

H 

0 

4 

o- 

30  in 

0 

OJ 

CO 

45 

OJ 

OJ 

f- 

—4 

r- 

O' 

45 

CP 

co 

r-4 

OJ 

O 

in 

4 

0 

O' 

CM 

co 

<n 

CO 

co 

w-4 

CM 

co 

m 

in 

CO 

O' 

r-4 

co. in 

C- 

CO 

•Hi 

—4 

05 

4 

in 

CD 

X 

0 

O' 

>0 

O'  *0 

4- 

m 

O 

O' 

45 

4 

0 

CM 

4 

OJ 

45 

f* 

OJ 

-0 

O 

CD 

45 

c* 

4 

O' 

45 

4 

CO 

O' 

4 

in 

oj  0 

r-4 

in 

45 

r4 

CO*  4) 

0 

*4 

45 

N* 

4 

CM 

co 

N» 

0 

CC 

4* 

04  0 

OJ 

4 

4 

co 

O 

CO 

O 

CO 

f— 

^4 

0- 

~4 

CO 

co 

O 

45 

—4 

O 

*0 

O 

4 

O 

45 

0 

OJ 

CM 

O' 

m 

r4 

CO 

r- 

O' 

4 

0*  in 

0 

OJ 

(4 

00 

4 

O 

o* 

45 

*— 4 

PO 

04  CO 

-* 

-4 

-* 

45 

OJ 

Oj 

CO 

*** 

in 

r^ 

-* 

OJ 

OJ 

OJ 

04 

-1 

05 

CO 

^—4 

OJ 

CM 

CO 

CO 

CO 

OJ 

OJ 

OJ 

r^ 

OJ 

CM,  CO 

4 

4 

4 

CO 

co 

CO 

OJ  OJ 

0  6  6 
1  1  1 

OOO 

6  0 

0  0 

OOO 

1  1 

OOOOO 

6606 

0. 

0 

0 

0 

c 

0 

0 

0 

boob 

0 

0000 

olo  0  0  0 

0  0 

O 

O 

O 

• 

OJ  PO 

4'  in 

O  0- 

co 

O' 

O 

OJ 

CO 

4  in 

45  o-  co 

O'  0 

OJ  co  4 

in 

45  O-  CO 

O'  0 

OJ 

CO 

4 

in 

-O  N 

eo  c>  61-1 

OJ  CO  4 

in  45 

K 

CO 

O' 

< 

»— 

in 

1 

—4 

<-4 

r-4 

—4 

-a 

-4 

OJ  OJ 

OJ 

OJ 

OJ  OJ  OJ 

OJ  OJ  OJ  CO 

CO  CO 

CO 

CO 

co 

CO  CO  CO  CO  4)  4 

4 

4  4 

4 

4i 

4 

4 

4 

38 


M* 


2 

O 


X 

CO 


CL 

LO 


O 

> 


CL 

O 

> 


UJ 

X 

< 

a: 


o' 

aj 


a 

o 

o 


,  5 

I  *  a j 

a 

H 

O 
UJ  o 
*  o 
<  * 
•X  o 

i  « 

IL 

;Q  n 


1  >  to 
•uj  a. 
oc 

< 

11L  ►- 
O  -J 
UJ 

\  •  o 

IS 


o 

UJ 

Q 

O 

Al 

*© 


I 

-*  O  ajIaj 

o  o  o  o  o 


UJ  UJ  UJ  UJ 
,NNOi 
Kl  AJ  CO  O  O' 
>  t+i  AJ  A 

'OhNo; 

r\j  a  m  — < 

•  •  •  *i 

o  o  o  oj 

I  I  I  1 1 


o  ~*io 
o  o  o  ojo 

UJ  UJ  UJ  UJ  UJ 

no  vf  ova- 

>■  N  O  (O  fAjC* 
>0^0  A  Aj 


CO! 

m*  —i  cgjo 

H 

L— ' 

0s  >o  **  cOito 

< 

2j 

•  •  •  •  • 

to  X 

to 

o  o  o  o  o 

2  Q. 

UJ 

O 

1 1  1 

O  -J 

UJ 

CL 

—  < 

CL 

o 

CL 

< 

UJ 

or 

Aj  f\J  Al  AJ  AJ 

I- 

o 

X 

o  o  o  o  o 

to 

V- 

O' 

UJ  UJ  UJ  UJ  U; 

X 

'C  O  O  O  ' vT 

L- 

V- 

x^uuno'^ 

x 

• 

< 

>  -o  >r,r' 

X 

o 

A-  A  ^  r-  A 

*-• 

to 

•O'O'ON^ 

UJ 

*  •  •  •  • 

< 

M 

o  o  o  o  o 

o 

II 

1- 

u.  o 

■_ 

o 

M 

u 

UJ 

to 

o 

•  o 

CL 

-J 

o  o  o  o  o 

O  A 

UJ 

o  o  o  o  o 

2  «0 

> 

UJ  UJ  UJ  UJ  UJ 

H 

o  o  o  o  o 

• 

o  o  o  o  o 

o 

*J  o  o  o  o  o 

O  o  O  0,0 

II* 

•  •  •  •  • 

X 

o  o  o  o  o 

X 

1  1  1  1 '  1 

o  o  o  o.o 

O  O  O  O'O 


UJ  UJ  UJ  ui'uj 
o  O  O  O’O 
o  O  O  0.0 
>00000 
o  o  o  o;o 

^  (O  fO  fO  (O 
•  •  •  ♦  • 
o  o  c  o  o 


Aj 


II  o 

1 

to  UJ 

—  o 

o  -* 

UJ  o 

o  o 

o  o 

0.0 

<  O' 

UJ  UJ 

uj  Uj 

-J  o 

o  o 

o  o 

CO  AJ 

o  o 

0,0 

• 

X  o  o 

o  o 

u  o 

o  o 

o  o 

o 

A 

A  — • 

II 

♦  •  • 

«  • 

• 

o  <f 

2  o 

o  o  o 

1  1 

0 

0 

CO 

X 

< 


39 


z 

o 


3 

CO 

o C 
►- 
tn 

O 

>- 


cc 

o 

> 

UJ 

X 

< 

X 

or 

UJ 

►— 

a 

o 


UJ 

X 


O' 

•*  UJ 

o 

n 

o 
UJ  o? 
*  o 

<  e> 
X  O' 


m 


>  in 
uj  a 

QC 

< 

O  D 
UJ 

«  o 
o 
z 


o 

UJ 

o 

o 

<M 

m> 


o 

M 


o 

r 


to 

UJ 


cc 

o 


-  —4  —j;_< 

—4 

u 

—4-'  H 

H 

H 

»4 

t 

H 

»4  r4 

►4  H  »4 

«-4'«»4  ^4 

H 

•*4 

;©  0,0  O 

O  0,0  o  o 

o 

o 

oo 

0,0  o 

o  o  o 

OiO  o 

o  o  o  o  o  o  o 

uj  i  i  ;  i 

1 

1 

1  1 

1 

1 

1 

1 

1  1 

l«  1  1 

1  {  * 

III 

1  1 

| 

1 

1  Ml 

KJlUJ  UJUJ  UJ 

!  UJ  UJ  UJ  UJ  UJ  UJ 

UJ 

UJUJ 

UJ  UJ  UJ 

UJ  UJiUJ 

UJ.UJ  UJ 

UJ  Uj  UJ  UJ  UJ  UJ  UJ 

“lO  CD  1  —*  M3 

4’  mi  oo  >j-  cm  O' 

in 

0(N- 

O;  .-n  N* 

CO  O  O' 

m  co  o 

oo  o  co  cn  o  cn  cm 

m  o  m 

o* 

eo  m  -4  o  ?n 

o 

-*  er 

oo  cn  < 

to  H® 

row 

co  .r  cm  m  in  -o  m 

o  cm; cm  O' 

loo-* 

in  O'  O' 

o 

—i,  *4 

— *  CM  O' 

O'  o  co 

CD  ' CO  O'] 

O'  -4 

»-4 

— « 

CM  O-.O 

Ul|0  0.0  O' 

O' 

0,0  O'  O'  O' 

O' 

0-0 

O  O  O', 

O'  O'.  O' 

O'  O'  o! 

O'  o-o  O  o  O'  o 

ci'in  m  in  4- 

mm  4  4* 

* 

>r 

m  in 

m  in  Nr; 

1  <r  m  m  m  m  >j-  m 

C  *  *  « 

• 

t 

•  • 

• 

• 

• 

• 

•  e 

.. .  i 

*  •  1 

4  4  4 

•  • 

• 

• 

•  *J  • 

c 

0 

0 

0 

o 

o 

0 

0 

o 

o 

o 

o 

0 

6 

0 

0 

0 

o  o  o 

0 

0 

0  " 
0 

0 

o 

o 

O  OiO 

i 

O  -*  -* 

— t 

•— f 

o 

o 

o 

o 

0-0 

0-0  O 

o  o 

o 

■  ■  4 

j 

O  O  O 

o 

o 

o  o 

o 

o 

OJO 

o  o 

O  O  O 

O  0.0 

O  O  O 

o  o 

o 

o 

O  OiO 

►—  UJ  UJ  UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ  UJ  UJ 

UJ  UJ  UJ 

UJ  UJ  uj 

UJ  UJ 

Uj 

UJ 

uj  ujiuj 

O  in  CM. CM 

in 

m 

CM  CM 

in 

m 

o 

o 

m  m 

CM  CM  in 

tn  ru  cm 

mm  o 

o  m 

m 

CM 

cm  m  m 

2  P-  m  O 

m 

m 

o  m 

P- 

P- 

in 

tn 

r- 

mOrt 

f-  ^  m 

in  r* 

cn 

o  cn  .cn 

uj-o  p-  o 

p- 

p- 

o  r- 

>0 

O' 

m> 

o 

O'  o 

O  !"> 

r-  o  t- 

O  O'  >0 

lO  O' 

vO 

r- 

o  (^jr~ 

Of. CM  O  CM 

CM 

CM 

CM  O 

CM 

O' 

CM 

CM 

O'  CM 

O  CM  CM 

CM  CM,  O 

O*  CM 

CM  O' 

CM 

o 

CM  fU,  CM 

►—  O'  9-4,9* 

O' 

p- 

1^* 

r-  O' 

-•  *+ 

•**4  *-4  *"4 

C>  h-  r- 

r-  r- 

O' 

-* 

'i -in 

o  o  o 

o 

o 

o,o 

o 

o 

0. 

0. 

o  o 

0. 

0. 

_ 

|0  0.0 

! 

o  o  o 

1 

0 

0 

O 

o 

o  ojo 

1 

eg  cm  cm 

CM 

M  ^ 

! 

! 

o 

— <  CM 

CM  CM  rJ 

— <  CM  CM 

CM  CM  J 

O 

CM 

CM 

* 

CM  CM; -4 

O  O  O 

O 

o 

o  o 

o 

o 

°| 

o 

o  o 

ood 

O  O  O 

o  o  o  o  o 

o 

O 

o  o.o 

UJ  UJ  UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

uj  uj  un 

UJ  UJ  UJ 

UJ  UJ  UJ] 

UJ  UJ 

UJ 

UJ 

uj  tuluj 

"<  fO 

CD 

o 

p-  o 

«— 4 

O' 

co.  >r 

h-  in 

r-  »o  cm] 

O'  co!  O 

-4  CM  *0  «0  in 

m 

in 

CM  ^4|>0 

*sl  CO  cm  CO 

CO 

4 

p-  o 

m 

o 

OlCO 

o 

omnl 

m  -4  ,0 

CM  <t  OICM  O' 

O 

in 

<3  OiO' 

>  m  n  in 

m 

4 

CM  CO 

m 

CM 

1- 

tN 

-4  CO 

CO  CO 

in  n  >o 

o  >r  o|cn  <o 

in 

>0 

O  f-.N* 

P^  M3  M3 

Pi 

P- 

4  CM 

M3 

m 

NO 

«0  CM 

«j*  m  *-*| 

O'  -4  m 

-4  —  M 

in  tn 

CM 

m 

-«]a) 

-*  >m+ 

m 

in  m 

CM 

p- 

•o! 

CO 

CO 

H 

m  — 4-j 

-4  *-4  CM  CO 

— 

-* 

o  o  o 

I  1  1 

o 

1 

o 

i 

o  o 
l  l 

o 

o 

i 

0,0 

1 . 1 

o  o 
t  1 

-0. 

-0. 

.jzSI- 

-0. 

-0. 

-0. 

o  o  bio  o 
i  i  i  j  i  i 

o 

1 

o 

1 

o  0.0  « 

1  lit 

lUJUJUJUIUJUJUJUJ 

^Heo  (O  O' 

co-4f4inmtno'M3 

lodo^oo^o 

‘O'doooooo 

•4injtnmmininin 


I  9—4  J— 4  O 

I  o  o  o 

i  OJ  UJ  Uj 
:  CM  CM  01 

.  O  m  p- 
O  p-  M3 

I  CM  O  CM 
»  *4  O' 


>  O  O  O 


O  0,0 
O  O  O 

UJ  u/  UJ 
m  OjO 
r-  UN  lf\ 

O'  >o,  o 

O'  CM,  CM 
NNf- 
•  *1  • 
O  0,0 


o  o  -• 

o  o  o 

UJ  UJ  UJ 
00  in  CM 
?-  p-  m 
O  M3  p- 
O  cm  o 

o  O' 


O  Oi 


O  O  o 

I  I  I 

UJ  UJ  UJ 

4  r-.in 
m  M3  -* 
ONCO 
o  O'  O' 
tn  4  4 


I  -4j*4  »-< 


o  o 
I  I 
uj;uj 
tn  o 

M3.C0 
CO  CO 
O'  CP 
<  4 


o  o 
I  ( 

UJ  UJ 
IN  4" 

~4  O' 

O  O' 
o  O' 


o  o  o  o  o  o  o  o  o 


o  o 


UJ  UJ,UJ  Ui 
CM  in;  in  CM 
0^1*0  0 
O  Mr-  O 

CM  CM)  CM  CM 
—  *■« 


-<  o  o 
o  o  o 

uj  uj  uj 
cm  in  m 
CO  N  N 
P-  M3CP 
O  CM  O 
-<  O'  P- 


OjO  o 
OjO  o 

ujJuj  tu 
o}o  tn 
injm  r- 
>ooo 

CM;  CM  O' 
N‘N  f- 


o  o  o  o  o  o  o  o  o  o  o  o  o  o 


|._4rsJCN(NICM*-40-4~4~^CMCN|~4fNCM<MCM«-*<  ~4  •“« 


*.00000  0(00000  0 


•|  * 
o-  o 
i;  i 


o  o  o  o  o  o|o  o 

UJ  uj  uj  ujujuiIujuj 
44p-C'0  4;M30' 
m4O'-*0'fNi4M3 
comco-op-— •jO'— • 
O'  -4  m  m  cn  4io  m 


III, 


II  }  I  I »  I  t 


Ml 

Lm 

O 

^4 

•—4  M 

4-* 

o 

m4 

-  o 

-*  O 

o 

^4 

-4,0 

•  4 

O 

O 

^4 

-4>o 

o 

O 

M.-IQ 

—-4 

o 

9—4 '  9—4 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

0,0 

o 

o 

o 

o 

o|o 

o  o 

o 

o 

0,0 

o 

o 

o 

o 

OIO 

o 

o 

o 

o 

OO 

o 

o 

o 

O 

op 

O 

o 

o 

o 

op 

o 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

uj!ui 

UJ 

UJ 

UJ 

UJ 

Ujjuj 

UJ  UJ 

UJ 

UJ 

u!uu 

UJ 

UI 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UI 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ.UJ 

UJ 

UJ 

Ui 

UJ 

UJUJ 

UJ 

in 

—4 

in 

h- 

r- 

•— « 

O' 

>0 

m  — 

O' 

CM 

CM 

O' 

O'  N 

O  O' 

CM 

o,ro 

cn 

in 

O' 

m 

P-.P- 

CM 

cn 

co 

CO 

“4 

cc 

co 

cn 

cn 

cm!o 

O 

r- 

o 

O 

O'  CM 

O 

>*m 

m 

o 

O' 

CO 

N 

N 

N” 

p- 

m  co 

tn 

o 

tn 

in 

o!to 

COO 

in 

N 

m  -4 

r» 

CM 

CO 

o 

p^-m 

cn 

9—4 

cn 

N- 

Mi  M 

CM 

m 

P- 

in 

0-4 

O 

N- 

p- 

p- 

in>>f 

O' 

>  O' 

* 

—4 

tn 

;fV 

O 

m 

P- 

O' 

®  o* 

>0 

CO 

4 

o 

Ni-O 

O  -• 

s) 

O 

CO1  P— 

m 

O' 

o 

o 

f-,CM 

r- 

m 

m 

O' 

P-  J 

O' 

CM 

CO 

m 

O- O' 

m 

r- 

o 

CO 

-o  <o 

CM 

>r 

—* 

o 

o 

CM 

tn 

'O 

P- 

o 

tn|-4 

m 

o 

P>- 

o 

33p 

o  m 

CM 

m 

oio 

O 

O 

o 

o 

cn  -4 

o 

co 

p- 

mi  >- 

tn 

CM 

>o 

m 

n-icn 

—4 

CM 

O 

m 

—4.  O' 

PJ 

m 

in 

cn 

COIN- 

O' 

CM 

"4 

O 

tn 

-* 

cn 

ih 

in  O' 

CM 

in  cm 

o 

CM 

•—4 

CM 

m  in 

>o 

CM 

cn 

cn 

O  — 

N- 

p- 

cn/O' 

P^ 

cn 

CM 

cn 

P— cn 

CO 

o 

o 

O 

op 

O 

o 

o 

o 

0 

6 

o 

o 

o 

o 

0*0 

o  o 

o 

O 

OiO 

o 

o 

o 

O 

o  o 

o 

o 

o 

O 

OO 

O 

O 

o 

o 

o  o 

o 

O 

o 

O 

•o 

•6 

0. 

0. 

t  I 


I< 

UJ 

CC 

CM 

CM 

fM 

CM  CM 

CM 

CM 

CM 

fM 

CM  CM 

CM 

fM 

CM 

fM 

<M|  CM 

fM 

CM 

CM 

fM 

CM  CM 

PM 

fM 

CM 

CM 

CM 

CM 

CM 

CM 

<M 

CM 

CM  CM 

fM 

CM 

CM 

CM 

CM'  CM 

CM 

CM 

CM 

CV 

CM 

CM 

CM 

!S 

o 

UI 

o 

o 

o 

0,0 

O 

O 

o 

o 

o  o 

o 

O 

O 

o 

o  o 

O 

o 

O 

o 

o  o 

o 

O 

o 

O 

o  o 

o 

O 

O 

O 

O  O 

o 

o 

O 

O 

O  O 

O 

O 

O 

O 

O  O 

O 

o 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UI 

UJ  Uj 

UJ 

Uj 

UJ 

UJ 

UJ;  UJ 

UJ 

Ui 

UJ 

UJ 

UJ  UJ 

Uj 

UJ 

Ui 

UJ 

Uj 

Uj 

Uj 

UJ 

Uj 

Uj 

UJ  UJ 

UJ 

Uj 

wJ 

UJ 

UJ  UJ 

UJ 

UJ 

Ui 

UJ 

UJ 

UJ 

Uj 

1  X 

o 

O' 

p- 

>r 

O'  o 

b- 

m 

o 

CM' O' 

CM 

f* 

—4 

9—4 

CM'  O 

<0 

CM 

N 

CO 

N  P- 

O 

-o 

O' 

m 

O 

*n 

CM 

o 

994 

9-4 

o  x> 

pp 

cm 

CO 

o 

O'  4- 

m 

CM 

o 

p- 

O' 

4“ 

_j 

o 

z 

X  N 

CM 

O' 

in;r- 

tn 

o- 

CO 

—4 

tn  o 

CM 

CD 

«M 

N 

0-4 

CM 

CO 

>0 

^4 

>r  co 

o 

O' 

—4 

CM 

N 

fM 

r- 

■N 

P- 

O' 

o  o 

<p 

O 

O' 

o 

CM  O 

O' 

m 

p- 

n 

to 

—4 

m 

• 

>  p- 

r- 

o 

o|cc 

co 

CM 

o 

o 

-4  O 

P- 

9-4 

—4 

in 

CO'  >0 

fM 

m 

9—4 

tn 

in  n- 

r- 

cn 

P- 

•j- 

N 

p- 

O' 

in 

cr 

9-4 

O  cm 

'f 

9—4 

o 

CM 

P>  -4 

«o 

4 

CP 

00 

o  in 

4 

l* 

O 

UJ 

H 

CM 

nc\) 

•4 

O' 

in 

■4 

-4  cn 

fM 

CM 

fM 

fM 

m,  n 

tn 

o 

>0 

o 

CM  N- 

CM 

9-4 

o 

9—4 

tn 

N 

<n 

fM 

9-4 

CM 

cn  vf 

•94 

o 

o 

o 

n 

—4 

O 

p» 

p- 

P- 

p-.P- 

P- 

p- 

o 

r>- 

r-  p- 

P- 

P«- 

P- 

p» 

h-  p» 

r- 

p- 

>0 

p- 

P-  P- 

P- 

p- 

•». 

p- 

p- 

P- 

t>. 

p» 

p- 

P- 

p.  p>. 

p» 

p* 

P“ 

p- 

p-  p- 

p* 

P- 

b- 

p- 

P- 

P- 

l< 

:  o 

11 

-» 

CO 

o  o 

O 

0,0 

o 

o 

o 

o 

0 

0 

o 

o 

o 

o 

0. 

o. 

o 

O 

o 

o 

o  o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o  o 

o 

o 

o 

O 

0. 

0. 

o 

O 

o 

O 

o 

o 

O 

1  —4 

— .  - 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o  c 

O 

o 

o 

o 

o  o 

o 

o 

O 

O 

o  o 

o 

o 

o 

o 

O 

o 

C3 

o 

o 

9—4 

^4 

—4 

<4 

o 

o.o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

O 

o 

o 

o 

o  o 

o 

o 

O 

o 

o  o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

>  UJ 

UJ  IU 

UJ 

Ui 

UJ 

UJ 

UJ 

Ui 

UJ 

UJ 

UJ 

UJ 

UJ.UJ 

UJ 

UJ 

UJ 

Ui 

UJ  Ui 

UJ 

UJ 

UJ 

UJ 

UJ.  UJ 

OJ 

UJ 

UJ 

UJ 

UJ 

u. 

UJ 

Uj 

UJ 

UJ 

UJ 

fn 

tn  oo 

9"4 

cn 

cn 

4 

O' 

O' 

r> 

CO 

4 

CO 

V  /  fM 

>0 

fM 

4 

cn 

fM  O' 

fM 

m 

in 

tn 

p» 

o 

4 

o 

o 

O' 

fM 

tn 

M> 

O' 

O' 

4 

CO 

in 

O' 

~4 

CM 

tn 

M3 

4 

m 

•O 

O' 

O 

o 

*n 

>0 

O' 

•o 

CO 

•n 

tn 

CO  o 

p- 

M3 

P- 

4 

vO  in 

M3 

CO 

p- 

—4 

O' 

—4 

O' 

m 

O' 

4 

—4 

CM 

03 

CO 

in 

M3 

4 

4 

o 

^4 

O' 

m 

CO 

r- 

in 

m 

'  CO 

fn 

m 

CM 

tn 

o 

J3 

p- 

cn 

in 

in 

tn 

>0  M3 

~4 

9-4 

CM 

m 

P-  M3 

CM 

4 

cn 

fM 

in 

tn 

O 

fM 

CO 

4 

P- 

MJ 

—4 

o 

CO 

m 

P- 

4 

M3 

O' 

m 

M3 

O' 

O^co 

—4 

4 

c 

4 

CO 

w 

4 

p- 

O'  -4 

in 

CO 

O 

-n 

in  p- 

^4 

4 

p- 

o 

CM 

4 

03 

9-4 

cn 

M3 

CO 

O 

4 

p- 

O' 

o 

o 

O 

9-4 

*4 

CN 

fM 

CM 

CM 

1  4 

>0>  co 

—4 

—4 

fVJ 

CM 

CM 

CM 

tn 

tn 

m 

tn  4 

4 

4 

m 

<n 

in,  in 

M3 

M> 

M3 

p- 

p- 

p- 

CO 

co 

» 

CO 

r-v 

O' 

O' 

O' 

9—4 

—4 

-4 

^4 

9-4 

—4 

.-4 

-4 

-1 

O 

o  o 

o 

o 

o 

o 

O  O 

O 

O 

o 

o 

G  ° 

O 

O 

c 

o 

o  o 

O 

O 

O 

o 

o 

O 

o 

o 

o 

O 

o 

O 

C) 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

I  I  I  I  I  I  I  I  I  I  I  l  l  I  l  i  I  I  I  I  I  I  I  I  I  I  I  l  I 


I  I  I  I  I  I 


CM 


CM 
I  tl  O 
I  I 
jin  uj 

uj  o 
Jo  o 

»<  O' 

i-J  o 

ca  cm 

Vo 


o  < 
z  c 

CD 

X 

< 


o 

tn 

o 

o  o 

o 

o 

CM 

o 

o 

o 

o 

o 

tn 

o 

o  o 

o 

o 

fM 

O 

O  O 

O 

O 

4 

o 

O. 

O 

o 

m 

o 

o 

4 

o 

o 

o 

o 

-4 

o 

o 

m 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o  o 

o 

o 

o 

o 

0,0 

o 

o 

O 

o 

O 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

UJ 

UJ 

UJ 

I^UJ 

UJ 

UJ 

Jj 

UI 

UJ.  UJ 

UJ 

UJ 

UJ 

UJ 

uj!  uj 

UJ 

UJ 

ID 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

ID 

UJ 

UJ 

UJ 

Uj 

9—4 

4  0 

M) 

4 

4 

■O' 

f— 

O' 

M3 

m 

M3 

-4  4 

CM 

4 

O 

tn 

41  CM 

—4 

—-4 

r*- 

4 

fM 

o 

tM 

p- 

CM 

CM 

-O 

'O 

m 

o 

p- 

O' 

-*l4 

o 

4 

cn 

O' 

4 

M) 

03 

in 

co 

m 

4  4 

o 

M) 

O' 

tn  O' 

tn 

O 

M3 

O 

O' 

O 

CM 

O' 

fM 

4 

O' 

o 

® 

M3 

tn 

o 

O' 

>  o 

O' 

m 

p-  m 

m 

m 

-4 

CO 

co 

» 

M3 

4 

M3 

03' O' 

CM 

03 

—4 

CM  O' 

O' 

p- 

O' 

p“ 

CO 

o 

'n 

fM 

o 

m 

CN 

o 

o 

O' 

9—4 

o 

tn 

cn 

o 

M> 

o 

o 

9-4 

O' 

U\|£ 

M3 

O 

co 

o 

M3 

O' 

m 

O' 

P- 

f*» 

in  o* 

P- 

c 

o 

P~  O' 

in 

O' 

4 

O' 

in 

O 

P- 

o 

r*> 

o 

P- 

o 

M) 

o 

O' 

>0 

o 

o 

o 

M3 

o 

4 

0310“ 

CO 

in 

m 

m 

CO 

03 

4 

—4 

4 

CO  O' 

CO 

tn 

• 

m 

CO  O' 

co 

4 

P- 

4 

03 

9-4 

co 

in 

4 

m 

CO 

•4 

CO 

CN 

4 

CD 

® 

in 

CN 

in 

® 

—4 

CO 

in 

•f  • 

• 

• 

«» 

• 

♦ 

• 

t 

•  t 

• 

• 

t  « 

« 

« 

• 

• 

• 

• 

( 

o 

o 

o 

0,0 

O 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o  o 

o 

o 

O 

o 

0 

0 

o 

o 

O 

C 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

O 

O 

o 

o 

o 

o 

o 

I  I  I  I  I  I 


o 

— « 

9-4 

oo 

o 

o 

o 

O 

o 

o 

-4 

-4 

-4 

^4 

—4  9-4 

o 

O 

O 

O 

^4 

>•4 

^4 

_4 

9-4 

«4 

—4 

o 

o 

o 

oo 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

O 

O 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

O 

O 

O 

o 

o 

o 

O 

O 

UJ 

ID 

ID 

UJ.UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Uj 

JJ 

uJ 

UJ  UJ 

Uj 

UJ 

Uj 

UJ 

UJ 

UJ 

ID 

UJ 

UJ 

ID 

UJ 

UJ 

UJ 

IJ 

Uj 

UJ 

Ui 

M3 

-4  M3 

fM 

in 

O' 

CO 

O' 

M3 

P- 

P-  9-4 

P- 

in 

fM 

p- 

CO 

p- 

in 

® 

O' 

in 

o 

® 

4 

4 

4 

tn 

o 

O' 

M3 

>n 

o 

CO 

•4 

O' 

o 

M> 

O' 

994 

m 

® 

— 

tn  -4 

O 

CO 

in 

p- 

-4 

o 

in 

M3 

M3 

o 

<n 

o 

M3 

in 

P- 

® 

9—4 

O' 

tn 

o 

tn 

P- 

CM 

4 

m 

O' 

—-4 

o 

o 

4 

® 

O' 

4 

mv  m 

M> 

m 

O' 

M3 

— • 

O' 

M3 

O 

9-4 

M3 

P* 

m 

CM 

tn 

P- 

co 

<n 

o 

co 

m 

O' 

O' 

M3 

o 

O 

o 

M) 

in 

'.K 

O' 

M3*  CM 

O 

-4 

4 

M3 

—4 

M3 

CM 

P- 

O' 

co 

n 

«4 

P- 

4 

m 

in 

o 

M3 

M> 

CO 

p- 

o 

M3 

tn 

"■* 

9-4 

4 

4 

fM 

p- 

—4 

9-4 

-4 

—  -4 

® 

in 

4 

M3 

^4 

^4 

CM 

CM 

CM 

CM 

fM 

CM 

9—4 

—4 

»4 

*4 

CN 

CM 

tn 

*n 

tn 

tn 

tn 

tn 

fM 

CM 

CM 

CM 

'■! 

tn 

4 

4 

o  o  o  o  o 

o 

o  o 

o 

o 

oooc-ooooooc 

O  O  O  O 

o  o 

O 

o  o 

o 

o  o 

ooooobbboo 

O  f  J 

o  o 

O 

O 

*-  *4  cm  rn  4  jin  Oh-ojC'0--cMm>y-ino^coo'0-<cMm>j-inoj^coo'0  —  cM<n>j'inor-coO'0^cMcn>^inof^coC' 
<  j  -a  -4  -*  -<  M  cm  rg-CM  fMfMrgcMfMfM-nmmr^rom<^^/nfnsr>rNr>r  44  4  4  4  4 


40 


NO.  OF  BLAOES  =  2  NO.  OF  AZIMUTH  STATIONS  =  12  NO.  OF  REV.  OF  WAKE  =  A 

LAMBDA  -  0.20900E-02  MU  =  O.l^SOE  00  ALPHA  T  =  2.620  DEG.  DELTA  PSI  =  30.000  DEG 


fc- 


CM 


1/5 
UJ 
UJ 

cc 
o 

HI  o'1 

O  u. 

co 

o  x 

O  D. 

O  Z 

• 

o  w 

< 

-J 

II  CO 


*-4 

—4 

f-4 

«-< 

•W  H 

— «  -4 

— 4 

1 

H  —t  *■ 4  i»4  *4^*4 

** 

—4 

—4 

O 

0 

O 

0 

O 

O  O 

OOO 

0 

0000  OJO 

0 

O 

0 

UJ  | 

1 

1 

1 

l 

1  1 

1,1  1 

1 

1  1  1  1  It  1 

1 

1 

1 

»M  UJ 

UJ 

UJ 

UJ1 

UJ 

UJ,  UJ 

UJ  UJ  UJ 

UJ 

UJ  .  UJ  UJ  UJ  UJ)  UJ 

UJ 

UJ 

UJ 

*4  O 

CM 

*0 

M 

CM 

0.~< 

h-  O  h- 

O 

co  *o  -4  ml*#- 

r- 

m 

IM 

in  0 

CO 

0 

O'] 

CO 

CM  M- 

co  mm 

cn 

*'0  -4  + 

cn 

f- 

0 

O' 

0 

O' 

O 

*W  »«4 

-4.  nj  c* 

0 

CDlO  CM,®  C'lC' 

—4 

^4 

*■4 

UJ  0 

0 

0 

O 

O 

OO 

000; 

0 

0000  O'  O' 

0 

0 

O 

cl  m 

'f 

<r 

«#■! 

M- 

min 

in  m  m*: 

M" 

M-<m  m  M- 

in 

in 

in 

O  • 

• 

« 

•1  • 

• 

• 

• 

4 

0  0 

0 

0 

0! 

lo 

00 

00  0 

O 

0 

0 

0 

0 

0 

0 

O 

0 

0 

o 

X 

»-  UJ 

O  <M 

z  m 

Ul  f- 
CC  O 


CO 


o  o 
o  o 

UJ  UJ 

in  in 
r-  r- 
4>  o 
cm  O 
O' 


I  I 


H  —4*  —4 

O  0,0 

I  III 
UJ  UJIUJ 
CO  0‘4 
-4  co;4 
o 

O  0"O 
in  4J4 

•  9 

»  O  O  0)0  o  o 


o  o 

I  1 

UJ  UJ 

OiK 
0*iiA 
<0,0 
<7**0 
4‘4 
•J  • 
0-0 


0,0 

0,0 

tJlU 
o  o 
ml  in 
45  45 
rvjrv 
MN 


O  O  ^  ^  — 4j  P-4  H  ‘  »-< 

o  o  o  o  olo  o  o 


UJ  UJ  UJ  UJ  UJIUJ 

in  in  cm  cm  in  in 
r-  r-  co  o  colco 
0"CNO  r-f  J — 

O  OJ  Qifg  rg'rM 
^  p4  rW  >4IH 


UJ  UJ 
CM  CM 

o  in 
o  r- 
cm  o 


o  o  o  o  o 

o  o  o' o  c 

UJ  UJ  UJ.  UJ  UJ 

in  tn  o  o  in 
r-  r-  m|in  ?- 

'0C''0i'0(> 
CM  O  (Mi  CM  O 
or-  r-if-  n- 


o  -*  -W  -4-4  «4>-4  o  o  Oj 
o  O  O  CO  o  o  o  o  o 


1  I 

-4-4-4  -<\w* 


e>;o 

i  i 

UJiUJ 

m  4 

h-lo 

o 

0^0 

min 


o  o 

1 1  i 

UJIUJ 

o  m 
o!r- 

~<(M 

o;o 
mi  in 


4 

II  i 


*4  -4 

0)0  o 
II I  J 

UJIUJ  UJl 


O  OJO  0(0  o 


o  o  o  -4,-4  H 

o  o  o  0*0  of 

UJ  UJ  Ui  Uj!  UJ  UJ.  UJ  UJ  UJ  UJ]  UJ  UJ  UJ  UJIUJ  UJ 

in  ro  cm  inim  cm  cm  in  in  o  o  mun  cm:  cm  in 

h  mo  rolro  o  ro  r--h-  tnjtn  h-ir-  co’O  m 
>0h-  OMh-ON  oo-o'c  O' 45  h-»0  f- 
CM  O  CM  fMlCM  CM  O  CM  O*  CMjfM  C^-CM  O’fM  CM 

O'  —4  —4  -41  —4  "4  -4  (7*  h*(f—  f—  O  -4J  -4  -4, 

•  I 


o  o  o  o'o  o  o  o  o  oio  O  O  o  o  o  o  o  O  O  O  olo  O  O  0.0  o|o  O  O  O  O  Oj 


UJ 
>0 
M  4- 

>  cm 

o 

CO 


UJ  VJ 
cm  in 
o  4 
45  -4 
t-  x- 
M-  ro 


o  o 
I  1 


OiO 

2 

UJIUJ 
CM*  O 

45i4 
aim 
cm!  cm 

♦I  • 

OJO 
M  I 


-4  CM  CM  CM  CM  ,  -4 

O  O  O  O  O  o 

UJ  UJ  UJ  UJ  ujIuj 
mO'fm  co,  o 
^  m  o  c*  m*  vj- 
liimo  m^liA 
•o  m  in  m  cm«co 

O'  —*  —*  —4  —4'  nJ- 

•I 


CM  CM 

O'O 


CM  «-*!  O  —* 

0  0  0.00 


UJ  UJ  UJ  UJ  UJ,  UJ  UJ 

(!•  g  #n  .A  -**'  #> 

m  O' 

in  >0 
O  O 


i  co  o  451cm  a 

>  c*-  o  mi  co  co 

>  m  ml  -o  m 
»  -4.0  f-(m  co 


<MCMCMCM]-4CMCMCMCM-4.0-4CMCMCMCM 

o  o  o  oj O  O  O  O  O  OjO  O  O  O  O  O 

UJ  UJ  UJ  UJ,  UJ  lU  UJ  UJ  UJ  uj!uj  UJ  UJ  UJ-UJ  UJ 

x-  o  o  f-j  45  nj  co  co,  o  m:4  m  45  mm  o 

m  o  o  <0;o  o  m  »o  m  o>  co  ^  >c  so 

MncvNKfNMMmNjMomNMm 

cM4m*-«co~<4fOtMr-l0  4.~*-4co-4 

— ■«  pw  —dm  w—4  ^4  h  n*'  m  co '  —4  —4  —4  —* 


000000 
l  l  1  l  If  l 


O  o 
I  I 


O  O  0*0  o 
Ill’ll 


000  0,0  0000  0J0  o  0  o  o  oj 


,L^ 


-4  o  o  ©1-4 
o  o  o  OJ  o 
I  I 

UJ  UJ  UJ  UJ'  UJ 
nT  co  rvj  m- 
>-0^0  r-jO 
>  o  r»  o^.in 
cm  tr  vO  vo  m 
•n  »•  '  45  45  4 


o  « 
o  o  o  < 

UJ  UJ  UJ  l 

®«OOl 
CM  O'  4  l 

-4  st  X-  l 

O  -•  O  < 


CM  f- 

*  m 

O  h- 
O 

m  -r 


o  0 
1  1 

UJ  UJ 

m  o 

CM 

SO  00 

G*  0\ 

+■ 


—4  —4i  fW  Qi 

O  OjO 

UJ  Ujj'jj  vu] 

tn  cm)  cm  m 
cn  ojm  f- 
r-  0!^ 

CM  CM  O  CM, 

-4  <y*l 


O  0  0  o! 


I 


o 

1  *u 

UJ  uH 

o 

O*  fn 

«  o 
o 
*  m 
•  < 
o  o 


c  o 
o  o| 

UJ  UJl 

m  oj 
n  ml 
o  o\ 
0  rd 


—4  CM' lM  CM, CM 

o  ojo  o;o  o| 

* . t. 


UJ  UJiUJ  LU, 
O  O’cc  CO 
O  '0‘0'  fM 
O'  (*1.-4 
oo  -4,m  *-f 


O  0-0  OlO  oj 
I  I <  f  III  I 


UJ  UJ 
-4  in 

+  cn 
<0  >0 
CM  CM1 
oof 


OOOOO 

I  I  I 


O  O  O  < 
I  I  I 


-4-* 

rm 4 

O 

-wj  O 

•j 

O 

-4,0  -4 

—4 

0 

* ■ 4  .  4  —4 

—4 

- 

O 

-  o’o 

O 

0 

O 

O 

o'o 

0 

O 

O  O 

O'O  0 

O 

0  0 

ojo 

000 

0 

0 

0 

1  Oi!tu 

UJ 

UJ 

UJ 

UJ 

UJiUJ 

UJ 

UJ 

UJ  UJ 

UJiUJ  UJ 

UJ 

UJ  uj 

UJi  UJ 

uj  uj  uj 

UJ 

UJ 

UJ 

CM 

>0 

O 

—4 

-4'  CM 

r- 

CO 

O  CM 

cm;  CM  t- 

-4 

O  0 

sO’-f 

O'  CM  CO 

® 

—4 

CMt  CM 

O' 

tn 

a 

ro 

h*itn 

CM 

CO 

CM  O' 

T—'  *0 

«o 

•O  ro 

in  -t 

m  -r  0 

0 

f-i 

CO 

t-\o 

>r 

O' 

CM 

ojcM 

O 

co 

TO  O 

ro  0  r- 

O' 

0  >r 

O*  r-  tM 

® 

®i 

!® 

1  ^-*1— * 

in 

—4 

in 

m 

O'  CM 

CM 

0 

X-  ® 

'05  in  rO 

co 

CM  O 

CM--* 

*0  O'  in 

CO 

H 

-4 

f-J-4 

cn 

O' 

h- 

CM 

M-IM- 

O 

CM 

CM 

'O'-*  *0 

CM 

in  co 

vO!r- 

in  ^4  00 

— 

mj 

CO 

o'o 

1 

O 

1 

d 

O 

1 

0 

o;o 
»  1 

O 

1 

O 

t 

O 

O 

0.0  0 

1 

O 

1 

O 

O 

OjO 

odd 

f  1  t 

0 

0. 

-0. 

1  CM'CM 

CM 

CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CM  CM  CM 

CM 

CM 

CM 

CM  CM 

CM  CM  CM 

CM 

CM 

CM 

o!o 

O 

O 

O 

O 

O  O 

O 

O 

O 

O 

OOO 

O 

0 

O 

00 

OOO 

O 

0 

O 

UJ  UJ 

UJ 

Uj 

UJ 

UJ 

UJ  UJ 

UJ 

a. 

UJ 

UJ 

tu  UJ  UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ  UJ  UJ 

UJ 

UJ 

UJ 

-4'cr\ 

O' 

—4 

O 

f- 

in  0 

ro 

'O 

ro 

>1- 

'T!  O'  CM 

tn 

0 

CM 

ro  ® 

>*  co  CM 

m 

sflO 

>r  c- 

in 

't 

CO 

O 

0  in 

CO 

—4 

^  m  co 

0 

>o 

-r  «o 

m  0  -4 

H 

CO, 

—4 

0  — 

0 

O 

rO 

*0  CM 

CO 

O 

>0 

CM 

r-  t- 

0 

O 

■O 

0  >t 

co  ^  -4 

'O 

co,  in 

1  <<M>r 

CM 

-4 

CM 

O 

-4  *r 

CM 

CM 

—* 

CM 

ro,  ^  co 

— 

O 

^4 

CM  ** 

CM  0  O 

0 

CMt  4- 

cn  ev  en  «o 


o  i>ooj 
1 

UJ 

JM 


t* 


o  do  oio  ojo 


o  o 
o  o 

UJ  UJ 

0  m 

m  t- 
sO  c  • 

CM  O'] 


6  6>, 


O  -4  *4 

O  0*0  OJ 

I 

UJ  UJiUJ  UJ 

« O  «  -#  O' 

'O  o  h  in 

CM  -4\-4  O 
O'  *  fn  m 

O'  m 


o  o|o  ol 
1  iii  r 


O  <“t  o 

o  00 

uj  uj;  uj 
m  *0  in 
O'  O  f- 
o  CM 

enjeo 

O'  CM-m 


-4  *<4  m| 

???l 


tu  UJl 

all 

CHOO 
•  • 


-4  -4 

o  o 

UJ  UJ 

cm  in 
o  m 
o  N 

CM  CMf 


UJ  ud 

h'l  CMj 

o| 

h-  Oi 

cm  cm{ 


o  o 


-4  HiH  N 

o  0:0  of 


•0  O' 

JM  m 

m  m 


o  ojo  o] 
it 


0)0 

cv»<n 


o  co  o  o 
1111 


CM  CM' CM  CM!  CM  CM  I 

O  0,0  O  O  O 


rwrk.r^i-r-r-*-^coc-r-c-f-r-c-N>  r-,  r-  r-t-r^r-r-t-r-r-r-t-  t-'t-  r-  t-  t-  t-  j- 


000000000000000000000  000000  00  0000  oiooo  0,00; 


in  M)(M)  o 
hh  /  t> 
in  co  «r  h- 
mo'oo 

►»  t-r-  t— 


s 


000  o|o  o 


^  m 
cn  o 
*4  ntj 
in 


o  oj 

UJ  UJj 

-? 
h-  m 

m  f-1 


o  00 
i  1 


CM  CM, 
O  Of 

UJ  UJl 
O'  M}| 
O  r4 
r-  cm; 
cm  m! 

f- 


CM 

-4  —4 

0 

O 

O 

0 

O'O 

O 

0 

0 

O 

O  O 

O 

O 

O 

O 

O  O 

O 

O 

O 

O 

O  ;0 

O 

O 

O 

O 

OJO 

O 

0 

-4  -4 

-* 

-* 

-4,  -4 

-4 

-4 

—4 

—4 

» 4 

- 

O 

O 

O  O 

0 

C> 

O 

0 

0  0 

O 

0 

0 

O 

OO 

O 

O 

O 

O 

O  O 

O 

O 

O 

O 

O  O 

O 

O 

O 

O 

OO 

O 

0 

OO 

0 

O 

ojo 

O'O 

O 

0 

O'O 

•JJ 

UJ 

UJ  UJ 

UJ 

Ul 

UJ 

Ul 

UJ  UJ 

UJ 

UJ 

Ul 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

ujIuj 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

ujIuj 

UJiUJ 

UJ 

Uj 

UJUJ 

O' 

co 

®  O 

f- 

OJ 

0 

4- 

ro 

-4 

CO 

in 

4 

CM  O 

O 

45 

in 

ro 

CO  0 

m 

—4 

in 

m 

CM  0 

O 

CO 

—4 

CM 

•Of  CM 

CO 

f- 

0  in 

CM 

in 

O'lf- 

•elm 

CC 

O 

CO1  -4 

r- 

*4 

-4.0 

CM 

O 

CM 

—4 

O,  co 

rO 

I'- 

0 

-4 

X-  0 

O 

rO 

r*» 

co 

rO  4 

CO 

4 

4 

4 

co  rO 

-o 

4 

45 

m 

in)  co 

45 

0 

CO  0 

CM 

41  CM 

0 

CO 

H 

4»JN 

fsj 

m 

0 

CM,  O 

O 

CM 

—4 

O' 

CM,  -4 

45 

ro 

45 

CM  CM 

X- 

O 

r» 

O 

45 

h- 

co 

O 

CM  -4 

f- 

CO 

45 

in 

OfO' 

in 

f- 

0  CM 

m 

h- 

OjfO 

m 

ro 

—4 

4 

r-io 

*0 

—4 

CO  >f 

CM 

in 

TO 

0 

ro  m 

TO 

-4 

4 

45 

O 

4 

CO 

0 

co 

45  co 

»4 

4 

N 

O 

cm  4 

r- 

0 

CO 

*0 

O' 

O 

4 

r- 

0,0 

0 

O 

—4t  —4 

-4 

— 1 

CM 

CM 

CM  CO 

h* 

ro 

in  co 

—4 

-4 

OJ 

CM  CM 

lM 

«o 

fO 

co 

ro  4 

4 

4 

in 

m 

m  m 

45 

O 

45 

45 

r-  o- 

r- 

CO 

ro 

® 

CO 

O 

O 

O' 

— 4|  —4 

-4 

-4 

— 4'  —4 

-j 

-4 

—4 

-4 

O 

O 

O 

1 

-0 

-0. 

O 

1 

0 

1 

O 

0 

1 

o'd 

1  1 

O 

1 

O 

1 

O 

1 

O 

1 

d  0 

1  1 

O 

1 

O 

1 

O 

1 

O 

1 

0,0 

1  1 

O 

1 

O 

1 

O 

1 

O 

1 

d  0 

1  1 

O 

1 

O 

1 

0 

1 

O 

1 

0 

1 

O 

1 

O  O 
1  1 

-0. 

-d 

O 

1 

d 

1 

6)6 

V 

d 

1 

d 

1 

d 

1 

d 

1 

oio 

«!« 

O 

CO 

O 

O  O 

O 

0 

4“ 

0 

O'O 

O 

O 

ro 

O 

0  0 

O 

O 

ro 

O 

OIO 

O 

O 

co 

O 

0 

0 

O 

CO 

0 

0 

-4 

O 

0 

1 

COO 

0 

— 1 

ojo 

CO 

0 

0 

0 

O 

O 

O 

O 

O  O 

O 

O 

O 

0 

0  0 

O 

O 

O 

O 

0  0 

O 

O 

O 

O 

00 

O 

O 

0 

O 

0  0 

O 

O 

0 

O 

0 

O 

O  O 

O  O 

0 

0 

ojo 

0 

0 

c 

0 

c 

0 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

IU 

UJ 

UJ 

UJ 

UJ  Ul 

UJ 

UJ 

UJ 

UJ 

UJ.  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJUJ 

UJUJ 

UJ 

(JJ 

iu‘uj 

UJ 

UJ 

u* 

UJ 

UJ 

UJ 

O 

0 

~4 

•0  '•r 

in 

co 

>0 

CM 

4  in 

CM 

45 

CM 

CM 

45, 

4 

CO 

0 

ro 

4,  O 

m 

O 

CM 

CO 

0-1  —4 

0 

0 

O' 

O' 

co 

CO 

4>  in 

CO,-« 

4 

CM 

CO]  O' 

e* 

4 

«) 

4 

— 4 

0 

O 

CM 

in 

ro  ro 

O 

ro 

4- 

ro 

O  >0 

O 

4 

CO 

O'  <0 

—4 

45 

X- 

r- 

nD  h- 

ro 

ro 

in 

-4 

h-  O 

r- 

CO 

m 

<c 

in 

0 

4  IM 

ro.in 

— J 

—4 

rot  cm 

CM 

4 

”*1 

4 

m 

« 

>  O 

—4 

O 

in  tn 

CO 

O 

4 

O 

co  m 

O 

O 

h* 

0 

O  O 

O' 

45 

O' 

45 

(O'O 

CM 

CM 

4 

ro 

(MO 

0 

r- 

—4 

f- 

0 

0 

ro 

CO 

—41  CO 

CO 

O 

co!©' 

CM 

0 

0 

4 

ro 

O 

O 

O 

•o'c 

m 

O 

—4 

O 

m  O' 

4) 

O 

CO 

0 

r—  0 

in 

O 

4) 

O 

ID'O 

O 

—4 

O 

f-  O 

m 

O' 

0 

0 

in 

0 

r~o 

4  O 

t- 

O 

•010 

0)4 

CM 

0 

•£ 

0 

r- 

O 

in 

CM 

in 

CO  0 

® 

S* 

C- 

4- 

®  O' 

CO 

in 

in 

4 

CD  O 

TO 

4 

-4 

CO'O 

® 

in 

ro 

in 

CO.  -4 

co 

4 

4 

<0 

—4 

ro  in 

coin 

CD 

-4 

") 

in 

CO 

m 

O 

1 

O 

O 

0  0 

0 

0 

O 

1 

O 

1 

o'o 

1  1 

O 

1 

O 

0 

O 

CO 

0 

O 

O 

1 

O 

1 

OOO 
II  1 

O 

l 

0 

0 

06 

c 

0 

O 

1 

O 

1 

i 

V 

O 

1 

0 

1 

0  6 

O 

O 

o'o 

O 

0 

0 

1 

d 

1 

0 

1 

O 

O 

O 

0  0 

0 

—4 

—4 

-4-0 

O 

—4 

CM 

O 

0  -rf 

—4 

-4 

—4  —4 

0 

0 

-4  —4 

-4 

-4 

—4 

—4 

-j 

—4 

-4 

-4 

-4  —4 

*■4 

—4 

1 

—4  —4 

—4 

—4 

H 

— 1 

ot 

01 

O 

O 

0 

0  0 

0 

O 

O 

O 

0  0 

O 

0 

0 

O 

0  0 

0 

O 

O 

O 

OOO 

0 

0 

0 

O  O 

0 

0 

O 

O 

0 

0 

0 

0 

0  0 

O 

O 

°;° 

O 

0 

0 

0 

sU 

UJ 

Ul 

UJ  Ur 

UJ 

UJ 

Uj 

tu 

IU  UJ 

UJ 

UJ 

UJ 

UJ 

UJ,  UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ  UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJUJ 

UJ 

UJ 

ujju; 

UJ 

Ul 

UJ 

UJ 

u.!u> 

ro 

O 

—4  i/>i 

-4 

r- 

O 

CO 

r-  4 

«-4 

—4 

CO 

0 

0  45 

ro 

45 

O 

ro 

4  0  4 

-4 

-4 

cc 

0  4 

CO 

in 

c- 

0 

CM 

4 

CM 

in 

45  CM 

in 

0 

4 

45 

r~ 

to 

O' 

45 

O 

CM 

O 

oj  4 

'O 

0- 

co 

—4 

ro  CO 

—4 

c* 

45 

cO 

—  O 

in 

f- 

ro 

•  4 

rO;  -4 

45 

O 

ro 

r- 

CM  O 

4 

in 

tn 

C" 

CM 

O 

45 

in 

N-  CO 

—i- 

0 

cm;  4 

m 

ro 

cr 

r- 

4{4 

x  «o 

ro 

CM 

C0\0 

in 

CM 

ro 

CO 

O  O 

in 

4 

4 

h- 

-4  ro 

O 

4 

m 

O 

-r  O 

45 

4 

O 

CM 

h-  m 

CM 

4) 

h- 

—4 

co 

—4 

ro 

0 

CO!  4 

O' 

45 

4® 

(5^ 

co 

4 

CM 

0!^« 

-0 

oj 

-4 

-0  0 

TO 

>0 

in 

4 

— «  r- 

4 

in 

4) 

O 

tO' CM 

TO 

CM 

4 

4 

-4  45  CM 

-4 

-4 

m*  -4 

r- 

—4 

CO 

CO 

O 

45 

-4 

ro 

flW'O 

4 

O 

4)0 

CM 

CM 

cr 

m 

-4(0 

CO 

O* 

r- 

OJ'  CO 

® 

** 

—4 

-< 

CO 

in 

O 

CM 

45  -* 

—4 

CM 

CM 

CM 

CM  -4 

-4 

O 

O 

-4 

-4  CM 

CM 

ro 

CO 

ro 

CM 

CM 

•4 

CM 

CM 

ro 

CO' 4 

+ 

4 

CO 

m 

0 

O 

O 

O'O 

660OOOO06606 

O  O 

OOOO 

0. 

0. 

0. 

0. 

O  O 

OOOO 

0 

O 

0  0 

6  0 

° 

O 

0:0 

O 

° 

0 

O 

OO 

K-NmM'irv’ONcoO'  o  .-4  r\jm>j^or*coo'0^  cm.ca  >t  in  -o  1-  coo  o  -<  m  m  ^ 
<  .^-^CMCMCMiCMCMCMCMCMCMlCMcncnpOCncn 


ift-Ohtt.C'O 
m  m  m  m  n 


—4  cm.  cn  «#■ 

>r  m*  <  *| 


in  >0 


h-  CO  O' 

m*  *r  < 


41 


V 


_l  (\J 

o  o  o  ojo 

UJ  UJ  UJ  UJiUJ 
-t  in  f~'<v 

NMrt  n  cso 

>  <r  m  O'  O'1—* 
o\  "»r  —*  ia;u> 
eg  in  rw  O  -4 

o  o  o  olo 

I  I  I  I » I 


D  !<N  H 
£fl  - 


^  fsl 
O  O  O  O  O 
I 

OJ  UJ  UJ  UJ  LU 
1*  COCs»W%r 

>  o 

>  »  >r  n  ® 


oV 

-4%rco^-* 

V-! 

^  ^  ^  ^ 

■ 

•  •  •  •  • 

O' 

M1 

o  o  o  o  o 

UJ 

o 

1  1  1 

UJ 

Q.’ 

o: 

o 

a: 

UJ 

UJ 

c\j  rvj  cvj  ru  cv 

O 

X 

o  O  O  o  O 

V—  1 

o 

o. 

u.  uj  u  -j  vu 

o 

O  ^  ^  ^ 

o 

h- 

x  o  >c  f\J  m  c* 

• 

< 

>  ^)  *r>  _«  f\j  rg 

o 

N  -O*4*?  -O 

rN 

o> 

O  ON  P-  N 

UJ 

. 

M 

ooooo 

H 

k- 

— • 

o 

o> 

o 

0. 

-Jl 

o  o  o  o  o 

UJ 

ooooo 

> 

UJ  UJ  UJ  UJ  UJ 

o  o  c  o  o 
ooooo 

4  0  0  0  0  0 

o  o  o  o  o 

>1-  >r 


o  o  o  oo 
o  o  o  o  o 

U4  UJ  UJ  UJ  UJ 

ooooo 
o  o  o  o  o 
>00000 
o  o  o  o  o 

ft*  ««i  K\ 

•  •  •  •  • 

o  o  o  o  o 


UJ  UJ  u  U, 

o  o  o  o 

o  o  o  o 

X  o  o  o  o 

o  o  o  o 

IP  u>  — ‘ 

o  o  o  o  o 

I  I 


42 


A; 


©  O  O  O  O  C  O  l 

UI  I  I  I  I  }  i  I 

KJ  Of  UJ,  llj  UJ  U.  UJ  UJ  t 

wo-nnO'N^Ni 
o  -*  rj  ©  c  r-  O  ( 
UJOOa^O  ©.O'  ( 
o:inuw**in*r'r* 
o  •  •  *  *<  •  • 

u  o  ©  o  o  o  o  o  < 


>  O  O  O  O  < 

lilt 

f  UJ  UJ  IU  U.1  l 

i  —  rg  —  l 

■  •*  Ort'M 

I  00  ©  —c  — 4  « 
i  4-  ^  IA 


f  —  — •  —  -4  O  O  O 

?  o  o  ojo  ©  o  c  o 

I  UJ  UJ  ujiuj  UJ  UJ  UJ  UJ 

{ r\j  in  snjrg  *g  in  in  o 
lommomh-f-m 
■  o  f-  r-o  ^  'O  ©  'O 
i  eg  .g  njirg  o  <M  ©  nj 

I  ^  ^  ^ 


o;  o  o  —  « 
o;  o  o  o  < 

UJ|  UJ  UJ  LU  l 
Oi  in  in  n j  ( 
in  f-  n  m  ( 

n4©  rg  O  t 

Ht-  ©  -*  * 


i  o  o  o!o  o  o  o  o 


rgrgrg—.  —  —  —  —  — 

o  O  o  ojo  o  o  o  o 

uj  uj  uj  uj’uj  UJ  UJ  UJ  UJ 
©  O  m  njjnj  h-  in  -*  f- 
n  O  ia  4  O;  —  ®  m  in  ® 
>nino4i4NNON 
cm©  —  m  —  cAOco© 
<N  -h  rv  nj.in  m  m  f-  © 


>  o  o  o:  o  o  < 

i  i  i  l  i 

!  UJ  UJ  UJ(UJ  UJ  l 

•  o  ©  ©>©  nj  l 

•  ©  r-  O'O  O  - 

•  ©  CO  f\J|©  ®  l 

•  ia  ©  cojo  nj  < 

■c  +  sfjin  m  i 


>  O  O  oi©  o  * 

)  O  O  OjO  O  < 

i  u;  uj  uj!  uj  uj  i 
i  in  o  oim  in  ( 
•  in  tnjf-  h-  * 
©  so  *oj©  <o  t 
i  ©  nj  nj  ©  eg  < 


>  o  o  o'  O  t 
i  I  i!  t 
I  UJ  uj  UJ  UJ  l 
•  co  ©  i/v  in  . 

I  ©  *\J  ©'  O  l 
.  nj  y  ©  ©  I 
i  *r  0  i 
i  m  ^  in*  »r  * 


I  UJ  UJ  uj  uj  t 

i  eg  in  ©leg  ( 

i  o  n  n'o  < 

ONhiOl 

.  eg  eg  eo.rg  < 


I  -4  -*  ~4 '• 

>  0.0  o  o  o*< 

Ml  I  I  I 
I  UJ  UJ  uj  uj  UJ  l 

i  o  o  ro  m  —  < 

>  n  ia  -<  (*»•' 

■  o  in  «o  n-  < 

’  u>  *t  *t  * 

i  o’o  o  o  o  < 


>  o  —  —  —  —  o  ©  o  o’o  o 

>  O  O  O  O  O'O  O  O  O  O  0*0  o 


i  /i  (V  rg  i/i  in)  eg  f\j  in  o  o' in  in 

’MAOn^lOnNMAtANN. 
'ONONMON^OO'0|'C'O‘ 
njOnjrwnjJrsionjonjnji©  <\ j 


-4} -4  Csl  CsJ 

0*0  O  O 

I 

UJ|UJ  UJ  UJ 
©»C\J  f-  >j- 

S3  nO  'T  m 
njiin  >*■  «$■ 
m'co  «o  h- 
nj.  ©  —  — 


>00  OOOOOOO.  OOOOOOOOOOO  0.0  OOOO  OlO  0.0 


rg<vj.^,*f\;(\irvj^eg!rjegegegcg-4-*evjegrgO— ^rgegegegnj— ,—  cgegeg  —  O’-*-* 
00  So  0000  ojo  0000  0.0  0000  C.o  0000  0.0  OOOOOOO 

UJ  UJ  uj(  UJ  UJ  UJ  UJ  UJ  UJ)  UJ  UJ  UJ  UJ  UJ  U.'  UJUJUJUJUJUJUJUJUJUJUJ  UJ,  UJ  UJ  UJ  UJ  UJ  ID,  UJ  UJ 
•f  -  l/\N  coOCO©>^COOinor-0<3'J04  4;0’OONrgeOi©COCOONOCO© 
m  ©Oi-^r-inmr-cNj'fMin  0  O  e-  O  'J'Oajoajo,  OO'/A-im  0.0  co  o  O'  O  O-N  O 
./■  ^  vH  rg  o  o®©oO'?~<coooeg:©sr©>j-®f'*;eg  —  eg  —  —  —’^eg  —  oott'-j-o 
10  r\j— <©  o  co  eg  -g-  ml  —  ©  o  >r  m-nj  >*■  ©  —  eg  <r  —  00  —  ej©'meg%r  —  —  00  — 

—  ru  oj  ®  —  —  f—  —  —  —  —  —  m  —  —  —  —  —  —  <*>'  .0  —  —  —  ^  ©,  rg  m 


2 

« 

O 

<M 

«— « 

l- 

1 

D 

cvj  11 

1 

a 

— 

k- 

S 

0: 

ll 

»- 

< 

in 

,m  1 

in 

1 

— 

’  2  a 

UJ 

O 

O  -J 

UJ 

—  < 

a 

— 

> 

k- 

0 

< 

UJ 

re 

V- 

Q 

UJ 

O 

in 

a 

— 

O 

r 

i— 

X 

O 

0 

X 

t- 

O 

;j 

O 

D 

• 

> 

r 

O 

UJ 

— 

eg 

O 

UJ 

►g 

r- 

< 

< 

0 

< 

O 

H 

O 

3c 

u.  0 

O 

— 

UJ 

in 

JJ 

•  0 

a 

— 

O  in 

a 

2  0 

O 

*?■ 

O 

— 

• 

0 

O 

UJ 

X 

11 

0000: 00000 
llll.tlili 


000000000 

I  < 

ujujujujuiujujujuj 
O  ©  in  O'-*  ©  eg  m  o 
>-  0  0  03  COjin  CO  O  N  4 

>  -  o>j-or^©o 

(\jQOK4  omo® 
om-g-rg^*-©®  —  — 


0,0  O  0 

i«  1  • 

! 

MMOO 

o|o  o  o 

U>UJ  UJ  UJ 

co  m  m  © 

CO  'T  — 

®lin  -o  >r 
o  eg  e-  co 
-*•-4  o  >»■ 


0000 

1  1  l!  I 


O  O  O  O  ( 
I  I  I 


>0000  0.0  0000  00  0000000000  O'O  o  o 
I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  II 


—  —  rg  —  —  —  —4  — —  00  —  —  —4  —  —  —  —  —  —  —  —  0000  —  —  o  — 
00000000  o' 000000000000. 0000000000 
I  .  I  ;  I 

UJUiUJ(UJUJUJUJUJUJ]UJUJUJUJUJUJUJUJUJU:UJUJUiUJUiUJUJUJUJUJUJU. 

©cr©rg©'-*'0©^'^0^0-*-*— *r«-m-*f\JO'Oco 
^^fJNr.HO'0®iO'ONO-4iAg)4Nn-MniAfvicon-,a)®oo,'f 
n-njA-,c*>00>Ocn>o^f\;©^mm©cor«>>rrgor--‘>r©-40'3-no-* 
O  ©  co{o  — •  eg  if  nj.  ^  in  o  ^<©  *onjm©cc^©inm-4  o«nj  ^  vT  -4 


H  O,  *“4  —4 

0000 
t  I 

UJ  UJ'  UJ  UJ 
-*  ©  ©  © 
O  in  o  m 

CM  CC  4 
®ON® 
IT  ©  ©  A- 


ocoooooooo;  OOOOOOOOOOO OOOOOCOOOOOOOOOOOOOOOOOOOOOO 
II  I  I  II  SI  II  II  I  I  I  I  III 

rsjr^rgrgcg<Njrg<\irgnj‘rgnj<Njrgrgf\jrgrgcgngfgf\jrgrgfsirgrgrg<\»cv<Nirgnjnw'\jrg{\.n<fgrg<\:<vrgf\jrgnjnjrg 
OOOOOOOOOO.  OOOOOOOOOOOOOOOOOOOOOO. OCJOOOOOOOOOOOOOO 

U)UjujUJu;ujujujujujujUJUfUJuju:ujU.UJ‘UUJ,4jiijUju.uJujUJUJUJUJu^u^uju/~JUjujujiuUju.ajujUJUjMjuj 

rVMMNN*lAm4'®N*'fl''4WK®^®N^NMC'B3'ffl0(M4^®®0-0lA^(M4‘C'N4'n,A<MA^ 

xom-4>n©©-4Ov0rg<MmO'fA-n-’c0O'4,c0Oin'O^in©©©mN}-o©‘0fNrin>r»t»-4O<\i'toccmnjinon. 

>®lA04JO^OOffllA'^C‘ircOCOlACOCO(AlAC'Cru/'N(M-4lA^N'-^C'^4CMlAC'CCrgiA--4N-<Nf^i/' 

•nxj-O^^Oco— «oomrgrgrg©-*©—<A-O/n©mOOOrgcg^'t,mmmrgo©©03©mln'fmrgm  —  00 

fwSNN-S^^)Nr-NKNNNCCN*NN.OA-N'ONA»Nr',-N^»-SKf-h.fv.^g5^N0^r^NNKrvN^.N 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

0  000-400000-400000000000  0  00  -J  OOOOOOOOO  ..3  00 

000000000000000000000000000000000000000000000000 

I  I  I  I  I  I  I  I  I  I  I 

UIUJUJUjUJUJUJUJUJUjUJUJ'UUJUJU.UJUJUJUJUJUjUJUJUJUJUJUJUJUjUJU.UJUjUJUJUJlijUJUJUJUJUJU/UJUJUJUJ 
■4-‘^m<CMv>,©m©o©inininr-»©>ro©conjoco©©n-in.onj©©nj^4tn©'Orgn.^Nor**cccopsiin'0(M'Om 
cootnOvJ,cO'0©'fcoA»'^«OrKm-4©inmf-A-com©'n©co©iM©inom©o,Nm<\»ocon-4^-fg^h-oom 
fsj  cosj*^>cgin©coom©©  oinm©njf^^3n-00©in»j,©^3»r©-40f,-©'Omonjm-*rgincoo*4,©-4'OA*0 

fM/l-4‘M'nfM^^^-<‘MiMMfMm-4-,^^-4a)^fr14  4,'r«».'M4''r'f^fMlAO't)f*Nir^cnT  ■04)l/'C0®C' 

0000000000000000000000000000000000000000000000000 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

tnoo  o;  00^00  O'  O0njO0OOO-40O00OlM0O0-40nJO-4OO0nj000-*O**O-*OOO<M 
0000000000000000000000000000000000000000000000000 
I  I  I  I  I  I  I  I  I 

UJOJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUjUjUJUJUJUJUJUJU»^JU;iJJUJUJU:U.‘UJUJUJUJUJUjUJUjUJUJUJ 

rg©^‘Omp^©r-rvir«.vf\m^o%rrg— 4^r-inrgtniMr*-m>r'OOco'^rs»i*fc'T'Togo^f*-©i,»>00'rO<\;'rnjfvjoro 
©<fh-©rgsj'<Mnj©f*-stn-Of““-40xrg-*m*oo©-4©in^Opgo©vronjN.om-4<'onjinOA-njcoA«'m>o 
>--4in©.Nin*nco>OA-0©moco»njOO<y3^ommmo©0®onj<vmo©©0©corgnjcgn.©h-rg-^A-/,'g: 
m©sj-©^o®O^3'0A-n*<Minmmcg-*'0-*©oO'J,mrgmoomo^3onj'0©«j‘'TO©Or-r—  ©O'OO^'f 
-4^r®©x©rgino3©®%j-msf<r©©tn»j'©©o'©^-m*j'A-©-4in©©-4ANA->j--^>j-A-n'-4ir'^x^©r-»t-4 

ooooooooooocooooooooooooooooooooooocooooooooooooo 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

-4000000000-4-4-4-4-4^0000-4-4-4  —  —  -4-4-4-4-4-H--^-^---^^-,-  —  —  ^  — 

0000000000000000000000000000000000000000000000000 

uj  w  uj  a;  u.  'JJ  oj  in  -j  J  a  a.  u.  u  'U  u  ui  uj  uj  uj  u  uj  u  'jj  uj  u;  uj  Uv  a.  uj  uj  'L  a.  'jj  ij  oj  il  u  j  n ,  uv  <jj  uj  u.  a»  u  j  uj  u. 
omo©or'-©f*-'£>aoo©in©inf\/f-om  —  mp*-mo®mr***org®mO'rnjo©®min»rO»r>tmmo®rs-© 
ONK  vfO^O-4  h-  -•  «0  —  njmo  —  A-®T3®>ro©©m©rg(MO®©x>f  —  ^©pvj©x©a-®>o®'0  —  ®© 
XOA  440*  r»'On»C'g,lAOO®N^^inN^^.CNN'Oir>N^  -  4  (Nj  <M,  Os*N(MNO'C0^4»lA>f^NCO 
©nj^»-  >r,'^)-4^35o"'(3'0<\i'02)'0A'4N  /  o  o  *  a  ^  k  vj  o  ^  '0'vj>r©  no»t  'O 

—  ©'Onj-‘>J,inm  —  o  —  —  —  —  —  —  a-  sj-  4>in-*  —  rgcgnjnjrgr'j  —  —  —  —  g- 

OOO  O’ OOOOO  O’ OOOOOOOOOO  00000  00  0000  00000  OOO  OOOOOOO  000 


1-  —  rgm^r'inor**®©©  —  rgngiA4)N®0‘0  -  rg(AgiAsCNC0©O»*  ngm>rinor-®©0.—  rgm^mor-m© 
<T  —  -4  —  —  —  -4  —  — 4  —  rg<Mfgrg,*igrs,rvpgfgrg',mmmmmmmm->vf'»f>r»fvj*>f>Tgr«^'J’ 


43 


;  l 

,^IM>4a< 

I 

OOOO 

,  j 

UJ'  1  1  .  1  1 

Ki  UJ  UJllD  UJ 

•  ’ 

hON  <5N 

1  0  1 

CD  O  CO  O  CD 

*4  UJ  ! 

.O  O';©  M3 

o' 

UJ'O  do  O' 

oc  m  4‘in  4 

0  ! 

O,  «  •  • 

UJ  0  1 

O  O  OfO  O 

*  0  1 

<  • 

3C  O. 

m  1 

u.  1 

O  O'O  0 

•  O  11 

OOOO 

J  * 

I . 

I  o  o  o  o 
fill 
i  id  uj  tu  tu 
■  cm  rsi  CD 
l  ^  O  O'  ^ 

•  O  O'  h*  4 

•  OOHO 
un  m  »f  *j* 


O  OlO  o 
i  tit  i 

UI  UI1UJ  ID 
4  014  o 
O'  cm!-*  n- 

-*  CO]  O'  f- 
O  «OiCO  — ! 
in  4:4  m 


1  O 

:  id 

• 

1  0 

0 

CM 

j 

vO 

2 

• 

O 

CM 

1 

v>- 

O 

CM  |l 

1 

CO 

-4 

1  I’¬ 

0: 

ll 

< 

* 

10 

^  X 

in 

•— • 

^  Q. 

UJ 

C 

O  -J 

UJ 

] 

—  <1 

g: 

CM 

> 

►- 

O 

►- 

< 

UJ 

O', 

k-> 

c 

UJ 

O 

l/> 

CJ* 

fc- 

0 

X 

k» 

X 

0 

O 

O' 

c. 

0 

c? 

O 

• 

> 

X 

0 

ID 

— 

CM 

O 

UJ 

*sJ 

P^ 

< 

< 

-J 

< 

0 

|l 

£0 

u.  0 

O 

w— 

or 

ID 

</> 

UJ 

•  O 

a 

V— 

O  in 

Q. 

T.  O 

O 

4* 

O 

h  UJ  UJ  UJ  idJid  uj  uj  uj  id  uj  tu  id  id  tu 

O  ^  ^  O  O  UN  fV  M  in  in  (\J  N  m  l', 

ZNNiniANr-f^O^^O^NS 
UJOO"0'00>ONONNONOO' 
a!WO'tM(NjO>NONN!NP4  0NO- 
h  O'  n  n  n  n  o*  ^  ^  —4  — *  —*  •“*  o*  n* 

o  •»••»»*«  t  »«•  t  t  t 

ooaooooooooooo 


UJ  ID  UI  OJlLU  ID  UJ  UJ  UJ  UJ  ID  ID  ID  UJ'UI  UJ  UJ  JJ  UJ  U/ UJ  UJ  UJ  1UUJ  IDjiU  UJ  UJ  I 

NONrtnO'TffloaMK'O  nj-co  cm  m  p-  m  h-'  O'  ao  cm  cy  <~4  m]  m  •*  cm  i 

-«  4*  O'  o  ^  r-  m  a*  O'  O'n-  ojm  4  O'  -*4  #evwj  -•  4  ( 

4|m  tf\cMCM%5-o«o>oo'fn^inm>o.cMcofno|oo'o*in'^>^  o*  v 

cvj(Mtn^jinor-ino®i»^nj«Nj<ri'00  4  4,‘4  u.  O'  o>  cm  «y  m) «  o  ^  i 

in  vn  4  «ni<  in  4  4  in  4itn  in  in  uv  4  m  4  4<  4  4  4  4  m  mjtn  mi  4  u\  4  « 

•  ««•}»•••*  •)**•#,•*•  »]«•[*•• 
C  O'O  0,0  0-0  o  o  o  o  o  o  o;o  o  o  oio  o  o  o  o  ojo  o  oo  o  « 


»  O  O'O  o  -•  -4  -*  -*!-*  -«  O  O  O  O'O  o-*-*-*-*-<-‘0000 

f  O  0,0  O  O  C  O  ojo  O  O  O  O  0)0  ooooooooooo 

UJ  ID'UJ  IDUJlUUJUJ’lDUJUJlDUjUJilDlDUJUJUJlDlDUJUJUJUJlD 

O0('tninfg<Mintnjrvir\jinino0ininnj<M<ninnj<Minin’0O 
in  injn-  p^  m  o  m  mo  m  r>-  f»  in  in  h-  P'-mommomr-h-min 

o  vOio  o  n-  o  ^  p~;o  r-  *o  o  vo  •olC'  «or^Of-Nor->oo''0sO 

CM  CM.  O'  CM  O  CM  CM  CM;  CM  O  CM  O'  CM  CM' O'  CM  O  <M  CM  CM  CM  0<M  O'  CM  CM 

^  ^  *  -  -  -  -i-  -  *  't  ^  t h  *  1 1 1  - h  -  *  TT  ^ 


o  oto  o  < 

i 


~4  -4  — .  — rsj  CM  CM  CM  CM  OfCM  cm  ■ 
O  O  O  OjO  O  O  O  O  OjO  O  i 

IDlDlDlDlDlDlUlDlD  UjJuj  UJ  I 

oo-mi^  m!<»  -*  < 

Mj-<ONvj-c>inNOct3  mth-  m  , 
>mm4omcMCc,m  o' cm  in  . 
r-p-cM'Oc\jcocDcoin  4{co  —  i 
O'.-*  , 


I  O-  ^  pg  c 

i  O  O  O  O  < 

I  UJ  ID, ID  UJ 
»  p»  —  0s  r-  < 
■  n  O'  o  «■*  ( 

•  o  o.r-  in  i 
►  o  <t,~*  in  * 

*  in  o  .-*  —  . 


o  o  o  o  ojo  o  o  o  o  oio  o  o  o'o  ojo  o]o  o‘o  o  « 


>  O  o  O  O  OjO  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  < 

t  UJ  Ui  ID  UJ  IDiUJ  UJIDUJIDUJLDUJUJUJUJUJUJ  U>  UJ  UJ  UJ  UJ  ( 

i  n  n  O'  n  *-«o*  NNCMHOH-oomon  m(o  O  O  O  l 

iin^^v0  0'|M®0,'Oif'O^'0Nin^Mc0'0|in^«0'j'i 

•  r-r-c-mvOj^r~ooa3Nj->rn-*om«ovnin-o(n-^0'co. 

•  >o  h*  4*  m  ol-  Nmin^onM'OO'OOfo^'Oco^^- 

>o  -4  h  ^  ^  h  cnjsf  *-4*H*u(M»-4f*-r**oin’«^,pni 


o  o  o  O'O  o  o  o  o  oio  o  < 
lit  .iiiii  ill 


»  o  o  o  o  < 

fill 


»  o  o  o  o  OfO  o  O  O  O  O'O  o  o  o  o  o  O  O  O  0*0  o  I 
III  111111111111111111,1$ 


-•  O  • 
O  O  O  I 
I  I 

ID  ID  UJ  l 
«■*  -O  *0  v 

>  u>  m  0  < 

>  cm  o  m  t 
co  m  in  < 

4  O  4  C 


•  -4  CM  CM  -OO-*.***.-*--.-  -*-*-400000' 
lOOOOOOOOO  OJO  O  O  O  O  O'O  o  o  o  o  < 

’  I 

I  UJ  Hi  tj  tu  UJ  IDUJUJUJIDUJUJUJUJUJ  UJ.  UJ  ID  UJ  ID  ID  l 
iNMin^C'rOlAOU'O'OfflNn-fii-'^O'^M 

•  cM4momcMOOC'cO'04m-4-*OincocMi'-u>f 

ij\'3oo>fUMnN^  mi-*  o  -*  3D  m  o.o  cm  -*  m  0 

IM(MfCMN<MO"'NOCO>fff'CDin^inN-«00*( 

icovf^<~<in»fsO^.«o%on-njm>j‘fncom-iin  O'  n-  • 

-OOOOOOCOOOOOOOOOOOOOOC 
I  I  I  I  II  III 


UJ*  UJ  ID  ID 
CD,  O  CO  sO 
mi  O'  CM  MT 
o’>o  m  -< 
ojm  m-  o 

-^14“  4  —* 
•  •  • 

o.o  o  o 

>  I  I 

1 


ID  UJ  IDiUJ  I 

m  o  cMi  -*  t 
O  o  O'  *0  C 

m  o  sf|  4  ■ 

mcO'OSr- 
in  4  m  cm  i 
•  «  • 
O  O  oio  i 
II 


DJ  CM  CM  <M,  CM  <M  CM  CM  C\J  CM*  P'JC\JCM<M<MCMC\jrMCMCMC'*  (\|C\JCMCM<NiCMCM<MCMCMC'<rvJ  CMl  CM  nj  CM  CM  CM  CM,  CM  «M  CM 
O  O  O  O'O  OOOOOOOOOOOOOOOOOOOOOOOOOOOO  0,0  OOOOOJOOO 

ID  Uj  u.  UJ  UJ  UJ  UJ  JJ  cD  D  l  J  —  X  UJ  t-J  ID  U,  UJ  D  D  U  U  LJ  UJ  tu  u  J  ID  ID  UJ  UJ  ID  UJ  UJ)  UJ  UJ  ID  UJ  UJ  UJ,  ID  UJ  ID 
4C»-fM0s^XC'C0CMCM'0r*-C'C'mn»0'M»-«D0'O,OCK,ncD'MC04m»'M4n-0'lm-^C04«^'-4'OfwM) 
x^coocM'04inm>ocDOO'vOCMM>mc*r'cofM04cO'- '-*mcoNO<MC'0'0-*in,'C'mmNOr*C'inmM5 
><,C'NXO4-'e,~OHv0C('(N?^r'(C-NN'r^M"U'M0l''r'*fH®"lh.-^(\jWO'ONM 

O'O'OO'inm^mcMfvjrj— 4Onj^iD~‘-4fMv0-»>:  4-,*ino*4(>i>Cr^rM/‘  4  m  m  ,M)  o  O'  O 

*0  on  >*.r-  n.  k.  »n.  cp  r^,  hK.ss^NNhN.NNN^N*.^hN^ooN  r*.'  r-  h-  r-  r-1  n-  o  pw 


lj  O  D  ^1 

»  o  0  o  0] 

IlUJ  ID  UJ  ID) 

i  ~  ~  O  O' 
l  in  ^  O'  CO! 

•  4  -♦  O'  OOj 

1  -<  m  cm  m 
■  cm  m  o  4 
>•••#• 
»  o  o  o  o'o 
I  I  1 1 


CM  nj  CM  CM  CM 

0,0000; 

UJ  CL*  UJ  UJ  ID 

4  m  a)  cn  4! 
O  in  in  4  O, 
O'  in  m  o  fM 
O'  O'  cm  in  m 
^5  n  n  n, 


0000000000000000000 OCOOOOOOOOOOOOC 


•  OOOOOOOOOOO 


CMMM--OCJOO— ‘O— <— *0-«00000— .0000— •— ‘OOOOOOOOOOOOlOOOOOOOO1^ 

00000000000000000000000000000000000000  0)0  00000000 
1111  IIIII  1  II 

UJlDlDlDlDUJlDlDlDUJUJlDUJUJ'DlDlDUJlDUJUJUJlDlDUJDUJUJUJUJlDUJlDiUJUJlDUJUJ  ID-  UJlDUJlDUJlDUJlDUJ 

inr-fflHOC'Oi^N-oi'jONXN  omm^cr^omcMDC'omocoM  ^  n  o  h  s  n  0.0  ^N^irinnKo' 
in-4^4inmm«nonjp-  mocT'-.^minm^rMcoo^-  ®inomr^4  ^om/iooici^C'Cicinnsonm^ 
cn--4-^m4m— 4omvnooooon-<M^4inm^oa3CMmmminM>Of^cocr*C'*-imcoimocMC7'in»o^-«incM 
mM)n-‘-^OCMinr^cM.mommoC'— •r'msoommc>4CO'-40^C'in^c>4:n«mC'4^^0f^-<M3'OfN-4C'0 

ONOli'H-.,.  -*-^4  S'\j(\(\f\jC'C'^^in'0iP^4'0'0  o  4|N  N  CO  CO  B  ^  CO  O)^ 


00000 

I  I  I 


00000 

l  *  I  I  I 


00000000000000000000000000000000000 

I  1  1  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I  I  I  I  I  I  I  I  I  H  I  I  I  I  I 


OlO  O  O 
Hill 


uiooooocMooooo-<ooooocMooooo-*ooooo<MOoo»^o-*o^ooomo 

00000000000000000000000000000000000000000000 

I  I  I  I  I  1,1  I 

U  UjUJUJUJlDUJUJlDUJU-UjUJUJUJUJUilD‘  tD  IDUJlDUJUJlDlDlDUJUJlDUJUJUJUJ.  UJUJUJUJIDUJUJUJUJID 
o^^inaxrffl'jifi(7'OirMOiC'iru>NQo;roNONC'- io^oomm^^o^'Oici- *mc'0'®0' 
-4in4CMM)C'mo4m^-i^r'4u>,y'OOC‘n“CM40inoomoocMC‘mfMfKcO'D^^-*4»MfMCM'Oh- 
■inO'0'ncn4'-*440-^<T^004'^\m^op^4vDC'rK4^-^CxCOm4COO»-4'0«04'—  44C0-*C' 
r<'0^jr'inco^n-m»^N.-4c^^cMCDO'D'M4oo^r'OOmcsin>n4o?m4h-.omo*co04com^-»in 
-*inmC'cD4^4cor'coin4inoc3r'444N*coc%,u*'micNOccf^4CM4P-c,'l^in-JUN--e''r-4<M4 


Q  ^4  *4  O  *4 
0  0  0  0,0 
I 

ID  UJ  ID  UJ,  ID 
-4  ID  O'  <V  O 

o  m  4  m  0s 
pw  ^  cn  co’m 
NOOffl'vf 
r- 


ooooooooooooooooooooooooooooooooooooooooloooo 

I  I  I  I  I  I  I  I  I  I  I  I  111,11  I 


o  00  00 

I  I  I  I 


CD  Uj  CD  . 

O  *J5  m  1 
o  4  in  i 
v  o  m  > 

ID  CO  4  ' 


>0000000000000000000000000]  000000000 

JitjU.  ID  «  D  U,  IL  Uj  DlDlDXlU«lDUjUJaJcDUJUJUJUJUJUJUjjlDUjUIUjUJtDtDUj!UJ 

s  N  n  vt  \i  .f  irt  ia  w  m  w  j  ^  rt  ia  m  ml  rti  .j  rr>  n.  m  m  a 


oooooc^ocoocoooor.'ooor  00000 

III  I 


COOOOOOOOOOOO  OO  OOOO  OO  O'O 


jj\^MS^o-4Pjp'^^^scoc'0-*M^^i/'<jnxc'O^Nn4iin^'N(DOO-<Nn4'irtoNcaiO' 

— •  — «  -4  — *  *  —1  'w  *  s'  nj,  cm  <n  <m  cm  cm  cm  cm  mmmmm|mmmmm4  «j’  4  4  44  4  44  4 

1 


44 


0 

1 

[UJ  O 

1 

,  *  O 

< 

<  • 

* 

1 

■X  0 

m 

1 

u. 

1 

a  n 

• 

■ 

>  CO 

] 

1 

IUJ  CL 

J 

1 

'a: 

1 

1 

!  < 

■ 

1 

IU_  k- 

*, 

1 

O  -J 

1 

1  UJ 

j 

1  *  ° 

! 

1 

t 

'0 

! 

1* 

: 

I 

1 

#•4 

m4 

-*  ~i'C\J 

1 

. 

0 

O 

O  OjO 

1 

UJ 

U J 

UJ  UJ,  UJ 

, 

w~4 

r- 

O  f-,r* 

1 

*sj  rn 

in 

c*  in’co 

* 

>  cm 

r- 

n-  co(%o 

O' 

0 

CO  «t]N 

• 

1 

IM 

*0 

%o  CO  •~4 

0 

j 

• 

» 

UJ 

O 

0 

0 

0 

0 

0 

1 

1 

1  I  I 

,  0 

1 

«o 

■ 

O 

•— < 

0*  <-4 

Z 

• 

O 

0 

0  c’o 

O 

<N J 

* 

* 

-+ 

UJ 

UJ 

UJ  UJ.UJ 

h- 

0 

>0 

^  rg  O' 

3 

'nj  m 

> 

CO 

in  m  0 

33 

>  —4 

>  0 

m 

0 

M 

k— 

CO 

0 

in 

-‘NO 

CL 

II 

I-. 

03 

in 

in  nj  in 

k- 

.  < 

Z' 

• 

• 

♦  •  * 

CO 

00  X 

co 

»— ■ 

O 

0 

0 

0 

0 

M 

z  a 

UJ 

O 

« 

O 

•O  «J 

UJ 

a.; 

--  < 

CL 

> 

0 

CL 

k- 

< 

UJ 

UJ 

nj 

nj 

nj  rvj  nj 

M 

>- 

0 

X 

O 

0 

O  OO 

u 

co 

U* 

0 

O 

UJ 

u. 

UJ  UJ  UJ 

X 

0 

-n 

■n  >?■  r\l 

CL 

k- 

0 

k- 

x  m 

O'  r\j 

O 

3 

• 

< 

>  nj 

*$•  n* 

> 

X 

0 

r- 

nj 

CO 

O 

'O 

r-  vs  so 

UJ 

KJ 

r- 

UJ 

• 

t 

•  •  * 

'jL 

< 

0— 

O 

0 

0 

0 

c 

< 

O 

l. 

k- 

X 

U.  O 

<M 

O 

>— • 

0 

o: 

UJ 

l/> 

0 

jj 

•  O 

a 

-J 

O 

0 

000 

u_ 

O  in 

UJ 

O 

0 

000 

a 

Z  >0 

> 

0 

UJ 

UJ 

UJ  UJ  UJ 

0 

—* 

O 

0 

000 

•— . 

« 

O 

0 

000 

-j 

0 

KJ  O 

0 

000 

UJ 

O 

0 

000 

X 

11 

>r 

# 

^ 

• 

• 

•  •  • 

3 

0 

0 

0 

0 

0 

r 

1 

1 

1  t  1 

O 

0 

OOO 

O 

0 

0  0.0 

UJ 

UJ 

ai  uj  uj 

0 

0 

0  0,0 

0 

0 

0  00 

>  0 

0 

000 

0 

0 

0  O'O 

m 

n  n  n 

• 

f 

•  •*  • 

0 

O 

0  0,0 

CM 

CM 

II 

O 

in 

UJ 

0*4 

O 

0  — 

UJ 

0 

O 

O 

0  0 

O 

0 

< 

O' 

UJ 

t u 

-J  Uj 

-j 

0 

0 

O 

O  O 

CO 

nj 

0 

0 

O  O 

• 

X  0 

O 

O  O 

u_ 

O 

0 

0 

0  0 

0 

—4 

in 

in 

II 

• 

• 

•  ♦  • 

• 

0 

O 

0 

c 

c 

0 

< 

1 

l 

z 

C 

33 

21 

< 


45 


•rife. 


.  N. 


TABULATION  OF  SURFACE-ELEMENT  VERTEX 
COORDINATES  FOR  A  UH-IB  FUSELAGE 


ELEMENT  No. 

m 

tflrn 

-*4 

3 

y 2m 

JZm 

— 

^3m 

y3nt 

•sj. 

yV/fl 

1 

-.519 

.019 

-.425 

-.519 

.013 

-.378 

-.519 

0 

-.376 

-.519 

0 

-.425 

2 

-.519 

.042 

-.422 

-.519 

.032 

-.382 

-.519 

.013 

-.378 

-.519 

.019 

-.425 

3 

-.519 

.049 

-.414 

-.519 

.049 

-.403 

-.519 

.032 

-.382 

-.519 

.042 

-.422 

4 

-.498 

0 

-.452 

-.498 

.038 

-.448 

-.519 

.019 

-.425 

-.519 

0 

-.425 

5 

-.498 

.038 

-.448 

-.498 

.076 

-.437 

-.519 

.042 

-.422 

-.519 

.019 

-.425 

6 

-.498 

.076 

-.437 

-.498 

.09 1 

- .  422 

-.519 

.049 

-.414 

-.519 

.042 

-.422 

7 

-.498 

.091 

-.422 

-.498 

.097 

-.399 

-.519 

.049 

-.403 

-.519 

.049 

-.414 

8 

-.498 

.097 

-.399 

-.498 

.057 

-.363 

-.519 

.032 

-.382 

-.519 

.049 

-.403 

9 

-.498 

.057 

-.363 

-.498 

.025 

-.351 

-.519 

.013 

-.378 

-.519 

,032 

-.382 

10 

-.498 

.025 

-.351 

-.498 

0 

-.346 

-.519 

0 

-.376 

-.519 

.013 

-.378 

II 

-.445 

0 

-.469 

- .  445 

.051 

-.463 

-.498 

.038 

-.448 

-.498 

0 

-.452 

12 

-.445 

.051 

-.463 

-.445 

.  106 

- .  448 

-.498 

.076 

-.437 

-.498 

.038 

-.448 

13 

-.445 

.  106 

-.448 

-.445 

.  129 

-.427 

-.498 

.091 

-.422 

-.498 

.076 

-.437 

14 

-.445 

.  126 

-.427 

-.445 

.  133 

-.397 

-.498 

.097 

-.399 

-.498 

.091 

-.422 

15 

-.445 

.  133 

-.397 

-.445 

.083 

-.340 

-.498 

.057 

-.363 

-.498 

.097 

-.399 

16 

-.445 

.083 

-.340 

-.445 

.036 

-.325 

-.498 

.025 

-.351 

-.498 

.057 

-.363 

17 

-.445 

.036 

-.325 

-.445 

0 

-.323 

-.498 

0 

-.346 

-.498 

.025 

-.351 

ie 

-.405 

0 

-.47! 

-.405 

.051 

-.467 

-.445 

.051 

-.463 

-.445 

0 

-.469 

19 

-.405 

.051 

-.467 

-.405 

.110 

-.452 

-.445 

.  106 

-.448 

-.445 

.051 

-.463 

20 

-.405 

.110 

-.452 

-.405 

.  136 

-.429 

-.445 

.  129 

-.427 

-.445 

.  106 

-.448 

21 

-.405 

.  136 

-.429 

-.405 

.  148 

-.399 

-.445 

.  133 

-.397 

-.445 

.  129 

-.427 

22 

-.405 

.  148 

-.399 

-.405 

.  123 

-.340 

-.445 

.083 

-.340 

-.445 

.  133 

-.397 

23 

-.405 

.  123 

-.340 

-.405 

.095 

-.302 

-.445 

.036 

-.325 

-.445 

.083 

-.340 

24 

-.405 

.095 

-.302 

-.405 

.078 

-.289 

-.445 

.027 

-.325 

-.445 

.036 

-.325 

25 

-.405 

.078 

-.289 

-.405 

.061 

-.281 

-.445 

.019 

-.323 

-.445 

.027 

-.325 

26 

-.405 

.061 

-.281 

-.405 

.027 

-.279 

-.445 

.008 

-.323 

-.445 

.019 

-.323 

27 

-.405 

.027 

-.279 

-.405 

0 

-.278 

- .  445 

0 

-.323 

-.445 

.008 

-.323 

28 

-.366 

0 

-.471 

-.366 

.053 

-.471 

-.405 

.051 

-.467 

-.405 

0 

-.47! 

29 

-.366 

.053 

-.471 

-.366 

.  I  14 

-.456 

-.405 

.110 

-.452 

-.405 

.051 

HS1XJ 

30 

-.366 

.  114 

-.456 

-.366 

.  140 

-.433 

-.405 

.  136 

-.429 

-.405 

.  1  10 

31 

-.366 

.  140 

-.433 

-.366 

.  153 

-.404 

-.405 

.  148 

-.399 

-.405 

.  136 

llltl  a 

32 

-.366 

.  153 

-.404 

-.366 

.  134 

-.340 

- .  405 

.  123 

-.340 

-.405 

.  148 

-.399 

33 

-.366 

.  134 

-.340 

-.366 

.  129 

-.287 

-.405 

.095 

-.302 

-.405 

.  123 

-.340 

34 

-.366 

.  129 

-.287 

-.366 

.  1  17 

-.261 

-.405 

.078 

-.289 

-.405 

.095 

-.302 

35 

-.366 

.  117 

-.261 

-.366 

.097 

-.245 

-.405 

.061 

-.281 

-.405 

.078 

-.289 

36 

-.366 

.097 

-.245 

-.366 

.045 

-.230 

-.405 

.027 

-.279 

-.405 

.061 

-.281 

37 

-.366 

.045 

-.230 

-.366 

0 

-.228 

-.405 

0 

-.278 

-.405 

.027 

-.279 

38 

-.294 

0 

-.471 

-.294 

.053 

-.471 

-.366 

.053 

-.471 

-.366 

0 

-.471 

39 

-.294 

.053 

-.471 

-.294 

.  1  14 

-.458 

-.366 

.114 

-.456 

-.366 

.053 

-.471 

40 

-.294 

.  114 

-.458 

-.294 

.  140 

-.437 

-.366 

-.433 

-.366 

.114 

-.456 

-.294 

.  140 

-.437 

-.294 

.  155 

-.406 

-.366 

.  153 

-.366 

.  140 

-.433 

■Mil 

-.294 

.  155 

-.406 

-.294 

.  142 

-.340 

-.366 

-.340 

-.366 

.  153 

■-  1 1 

-.294 

.  142 

-.340 

-.294 

.  136 

-.285 

-.366 

.  129 

-.287 

- .  36c 

.  154 

HU 

-.294 

.  136 

-.285 

-.294 

.  133 

-.255 

-.366 

.117 

-.261 

-.366 

.  129 

-.287 

-.294 

.  133 

-.255 

-.294 

.  1  10 

-.230 

-.366 

-.245 

-.366 

.  1 17 

-.261 
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ELEMENT  No, 

m 

Zlm 

y/m 

yzm 

V3m 

1 

46 

-.284 

.110 

-.230 

-.294 

-.219 

-.366 

m 

-.230 

-.366 

.097 

-.245 

47 

-.294 

.051 

-.219 

-.294 

n 

-.217 

-.366 

D 

-.228 

-.366 

.045 

-.230 

48 

-.217 

0 

-.471 

-.217 

IBl 1 

-.47! 

-.294 

-.471 

-.294 

0 

-.471 

49 

-.217 

.053 

-.47! 

-.217 

Hi! 

-.461 

-.294 

.  1 14 

-.458 

-.294 

.053 

-.471 

50 

-.217 

.117 

-.46! 

-.217 

.  148 

-.440 

-.294 

.  140 

-c  437 

-.294 

.114 

-.458 

51 

-.217 

.  148 

-.440 

-.217 

.  159 

-.408 

-.294 

.  155 

-.406 

-.294 

.  140 

-.437 

52 

-.217 

.  159 

-.408 

-.217 

.  155 

-.340 

-.294 

.  142 

-.340 

-.294 

.  155 

-.406 

53 

-.217 

.  155 

-.340 

-.217 

.  !  50 

-.279 

-.294 

.  136 

-.285 

-.294 

.  142 

-.340 

54 

-.217 

.  150 

-.279 

-.217 

.  144 

-.247 

-.294 

.  133 

-.255 

-.294 

.  136 

-.285 

55 

-.217 

.  144 

-.247 

-.217 

.  121 

-.22! 

-.294 

.110 

-.230 

-.294 

.  133 

-.255 

56 

-.217 

.  121 

-.221 

-.217 

.055 

-.209 

-.294 

.05! 

-.219 

-.294 

.  1  !0 

-.230 

57 

-.217 

.055 

-.209 

-.217 

0 

-.209 

-.294 

0 

-.217 

-.294 

.051 

-.219 

58 

-.084 

0 

-.471 

-.084 

.053 

-.471 

-.217 

.053 

-.471 

-.217 

0 

-.471 

59 

-.084 

.053 

-.471 

-.084 

.  12! 

-.467 

-.217 

.117 

-.461 

-.217 

.053 

-.471 

60 

-.084 

.121 

-.467 

-.084 

.  159 

-.452 

-.217 

.  148 

-.440 

-.217 

.  1  17 

-.46! 

6! 

-.084 

.  159 

-.452 

-.084 

,  178 

-.420 

-.217 

.  159 

-.408 

-.217 

.  148 

-.440 

62 

-.084 

.  178 

-.420 

-.084 

.  178 

-.340 

-.217 

.  155 

-.340 

-.217 

.  159 

-.408 

63 

-.084 

.  178 

-.340 

-.084 

.  170 

-.270 

-.217 

.  150 

-.279 

-.217 

.  155 

-.340 

64 

-.084 

.  170 

-.270 

-.084 

.  161 

-.236 

-.217 

.  144 

-.247 

-.217 

.  150 

-.279 

65 

-.084 

.  161 

-.236 

-.084 

.  125 

-.217 

-.217 

.  121 

-.221 

-.217 

.  144 

-.247 

66 

-.084 

.  125 

-.217 

-.084 

.055 

-.209 

-.217 

.055 

-.209 

-.217 

.  121 

-.221 

67 

-.084 

.055 

-.209 

-.084 

0 

-.209 

— .  2  i  7 

0 

-.209 

-.217 

.055 

-.209 

68 

.066 

0 

-.471 

.066 

.053 

-.47! 

-.084 

.053 

-.471 

-.084 

0 

-.471 

69 

.066 

.053 

-.471 

.066 

.  144 

-.458 

-.084 

.  121 

-.467 

-.084 

.053 

-.471 

70 

.066 

.  1  14 

-.458 

.066 

.  138 

-.439 

-.084 

.  i  59 

-.452 

-.084 

.  121 

-.467 

71 

.066 

.  138 

-.439 

.066 

.  152 

-.408 

-.084 

.  178 

-.420 

-.084 

.  159 

-.452 

72 

.066 

.  152 

-.408 

.066 

.  150 

-.340 

-.084 

.  178 

-.340 

-.084 

.  178 

-.420 

73 

.066 

.  150 

-.340 

.066 

.  142 

-.283 

-.084 

.  170 

-.270 

-.084 

.  178 

-.340 

74 

.066 

.  142 

-.283 

.066 

.127 

-.259 

-.084 

.  16! 

-.236 

-.084 

.  170 

-.270 

75 

.066 

.  127 

-.259 

.066 

.098 

-.242 

-.084 

.  125 

-.217 

-.084 

.  161 

-.236 

76 

.066 

.098 

-.242 

.066 

.053 

-.232 

-.084 

.055 

-.209 

-.084 

.  125 

-.217 

77 

.066 

.053 

-.232 

.066 

0 

-.230 

-.084 

0 

-.209 

-.084 

.055 

-.209 

78 

.241 

o 

-.444 

.241 

.038 

-.433 

.066 

.053 

-.471 

.066 

0 

-.471 

79 

.241 

.038 

-.433 

.241 

.057 

-.403 

.066 

.114 

-.458 

.066 

.053 

-.471 

80 

.241 

.057 

-.403 

.241 

.06! 

-.384 

.066 

.  138 

-.439 

.066 

.114 

-.458 

81 

.24! 

.061 

-.384 

.24! 

.062 

-.368 

.066 

.  152 

-.408 

.066 

.  138 

-.439 

82 

.241 

.062 

-.368 

.24! 

.06! 

-.340 

.066 

.  150 

-.340 

.066 

.  i  52 

-.408 

83 

.24! 

.06! 

-.340 

.241 

.053 

-.317 

.066 

.  142 

-.283 

.066 

.  150 

-.340 

84 

.241 

.053 

-.317 

.241 

.049 

-.310 

.066 

.  127 

-.259 

.066 

.  142 

-.283 

85 

.241 

.049 

-.310 

.241 

.040 

-.298 

.066 

.098 

-.242 

.066 

.  127 

-.259 

86 

.241 

.040 

-.298 

.241 

.021 

-.291 

.066 

.053 

-.232 

.066 

.098 

-.242 

87 

.241 

.021 

-.291 

.241 

0 

-.289 

.066 

0 

-.230 

.066 

.053 

-.232 

88 

.269 

0 

-.410 

.269 

.025 

-.401 

.241 

.038 

-.433 

.241 

0 

-.444 

89 

.269 

.025 

-.401 

.269 

.030 

-.368 

.241 

.057 

-.403 

.241 

.038 

-.433 

90 

.269 

.030 

-.368 

.269 

•  026 

-.353 

.241 

.061 

-.384 

.241 

.057 

-.403 
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APPENDIX  I 


OPERATIONAL  INFORMATION  FOR  THE  MAIN  PROGRAM 


This  program  is  written  in  FORTRAN  IV,  with  the  exception  of  subroutine 
CLEAR,  which  is  written  in  MAP.  This  routine  is  used  to  initialize  storages 
to  be  zero. 

INPUTS 


CARD  1 


NB: 

NRW: 

NA: 

NPNCH: 


NOPT: 


NTAPE: 

NPRINT: 


LNCT: 

NFPT: 

NXPT: 

NPINT: 


Number  of  blades,  NB 

Number  of  Revolutions  of  wake  per  blade,  A/R 
Number  of  azimuth  stations,  A/a 
Punch  option.  If  zero,  no  cards  are 
punched  at  the  end  of  a  run.  If  not  zero, 
all  wake  point  coordinates  and  core  sizes 
at  the  final  azimuth  position  are  punched 
on  cards. 

If  zero,  the  initial  wake  configuration  is 
computed.  If  not  zero,  initial  wake 
configuration  is  read  in. 

If  not  zero,  wake  point  coordinates  and 
velocities  are  saved  on  utility  Tape  4. 

If  NPRINT  =  1,  coordinates  and  velocities 
for  each  wake  point  are  printed;  if 
NPRINT  =  2,  those  for  every  other  point 
are  printed;  if  3,  every  third;  etc. 

Number  of  lines  desired  per  page  of  output. 
Number  of  fuselage  points,  A/f 
Number  of  points  off  the  wake  for  which 
velocities  are  to  be  calculated. 

Output  is  produced  at  intervals  of  NPINT 
steps;  i,  e.  ,  if  NPINT  =  1,  the  data  for 
each  azimuth  position  is  printed. 


51 


I 

I 


CARD  2 


PSIO : 

Initial  position  of  blade  1,  'PlnU  »  degrees 

REV: 

Number  of  revolutions  of  rotor  for  which 

calculations  are  to  be  performed,  A 

XLAM: 

A 

XMU : 

A 

ALPHAT: 

<xT  (degrees) 

FACTR: 

Factor  applied  to  ,  Kf 

RB: 

R/b 

CARD  3,  4, 


GAMB;  Strengths  of  blade  1;  NA  of  them. 

Al:  Core  sizes  at  Blade  1;  (NA  of  them). 

A:  Initial  core  sizes;  (NRW)(NA)(NB)  of  them. 


Fuselage  Data:  Four  cards  for  each  point;  (4)(NFPT)  cards  in  all. 

These  are  punched  by  the  Fuselage  Program. 


Card  1 

XBAR 

X 

YBAR 

•d 

ZBAR 

F 

SIGX 

** 

SIGZ 

Card  2 

XII 

<?/. 

XI2 

XI 3 

$3 

XI4 

ETA1 

7/ 

ETA2 

nz 

Card  3 

ETA3 

ETA4 

7* 

D1 

cL, 

D2 

dz 

D3 

cC3 

D4 

cLit. 

Card  4 

XLE 

•v 

An 

XME 

An 

XNE 

n 

XLZ 

XMZ 

Ar 

XNZ 
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Coordinates  of  points  off  the  wake  at  which  velocities  are  to  be  computed 
NXPT  points  in  all  (up  to  three  sets  of  coordinates  per  c:rd): 


X7.PI1 


Z  APT 


*  b‘  * 

Initial  Wake  Configuration  -  Read  in  only  if  NOPT  is  not  zero. 


X:  (NRW)(NB)(NA)  of  them.. 

Y:  (NRW)(NB)(NA)  of  them, 

Z:  (NRW)(NB)(NA)  of  them. 


A  listing  of  the  program  is  given  on  the  pages  which  follow. 


ilBFTC  Z2HWV  LIST, REF 

CALCULATION  OF  THE  WAKE  VORTICITY  DISTR1BUTIOH  FOR  A  HELICOPTER _ 

COMMON  X(  340, 4),  Y{  340, 4),Z  (340, 4)  ,U(  340,4  )  ,V(  540,-4),  Ml  340,4), 

_ 1 _ GAMA (340, 4 > ,SEG( 340 , 4 ) , GAHB1 ( 100 ) , A 1 ( 100 ) , A ( 340 » 4 ) , P I , RAOL 

2  VMP,XMCL,XMSL,NB,NRH,NA,NW,N6PT,NTAPErNPRINT,NDVCH,PSl6» 

_ 3 _ XMU ,XLAH,  ALPHAT ,PINT,PSIF,XNA ,_DP S  l  , NB  1 ,  NW1 ,  XNW , XNB ,  TPNB, 

4  "  SAT,CAT,Cl,C2',PSl,TPI,XI,Tl,T2,xj,NPS,  JPS,  IPS,  IPSi,XXX,YYY, 

5  _ ZLL, 1ST, I  NO, IFLG,SI6l,SIG2,SIG3,GGG,DEN, XNU1, XNU2,XNU3, IRl, 

6  XHX,XMY,XMZ,SIG4,SIG5,RR,SQI 1 , SF, SQI ,SG,BF , LPS, SEG1, SEG2, 

_ 7 SUMfLNCT t_XI.PT  ( 400 ) , Y IPT ( 400 )  ,Z I PT  { 400 )  ,  VXL400  ) ,  VY( 400  )  , 

8  VZ( 400 ) , VXF ( 400 ) , VYF ( 400 ) , VZF (400 ) ,  NXPT ,NAB,FACTR,RB 

_ COMMON_  /FUSE/.  XB„AR_(  100),YBAR{  100 ) t  ZBAR ( 100 ) , S I GX ( 1QQ ) , S IGZ ( 1.00 )  , 

1  XI  1(  100 ),XI2(  100)  ,xl3(lb‘6‘),xi4(  100)  ,ETA1(  1001  ,ETA2(  1001, 

2  _ ETA3(  100)«ETA4(10Q).XLE{  10 0)  ,XM EX100 )_, XfiE ( 100 )_xX LI (.10 0)j_ 

3  XXZ(IOO) ,XNZ(100),HFPT,RJ(4),Ej(4) ,HJ(4),EMj{4),Dl(  100) , 

_  4  D2(100)jD3(10Q), 04(100), VXINF, VYINF.VZ INF, UF,VF, WF 

DIMENSION  GAMB(IOO) 

EQUI VALENCE (GAMBl.GAMB) 

1  CALL  CLEAR (X, NAB) 

_ CALL  CLEAR  ( XBAR,  WF  i _ _  ‘  _ _ 

PI  =  3.1415926536 
RAD  =  .0174532925 
TP  I  =  2.0*PI 

READ  10G0,NB, NRW, NA, NPNCH,NOPT , NTAPE,NPRINT,LNCT,NFPT»NXPT,NPINT» 

1  NOVCH 

1000  FORMAT  (1216) _ _ _ _ _  _ 

CALL  DVDCHK (NDVCH ) 

I F ( NTAPE.LT.Q )  REWIND  4 

READ  1001, PSIO, REV, XLAM, XMU, ALPHAT, FACTR.RB 
.  1001  FORMAT ( 9F8 .6 ) 

READ  1001, (GAMBllI), 1*1, NA) 

READ  1001. (Al(I), 1=1, NA)  _  _ 


NB1 

=  NB 

NW  = 

NRW*NA 

NW1 

=  NW  +  1 

NAB 

=  NB*NA 

XNA 

=  NA 

D.PSI 

=  2 .0*P I /XNA 

XNW 

=  NW 

XNB 

=  NB 

SAT 

=  SINIALPHAf  *RAD) 

CAT 

=  COS ( ALPHAT*RAD ) 

Cl  = 

XMU*C AT 

C_2_;L.(XM_U*SATtXLAM) _  _ _ 

C3  =  XMU* SAT+ SORT ( XL AM* XNB /2 .6 ) 

XMCL  =  Cl/XLAM 
XMSL  =  XMU*SAT /XLAM 
VXINF  =  XMCL 

VZ INF  =  -FACTR*(XMSL+SQRT(.5*XNB/XLAM)  ) 

_TMP_=  RB*DPS I_  _____ 

TMP1  =  SQRT (TMP* ( TMP+2kO ) ) 

FRB  =  ( TMP-TMP1+AL0G ( 1.0+TMP+TMPl) J/DPSI 
READ  1001, ( (At  I, J) , 1  =  1, NW) , J  =  1,NB1 ) 

IF(NFPT.EQ.O)  GO  TO  100 

READ  1003, (XBAR{ I ) ,Y8AR(I ) , ZBAR ( I ) ,SIGX( I ) , S I G  Z ( I ) ,BLNK,XI  1(1), 
1  _ XI2(Ii,XI_3U  )tXI_4U  ),ETAH  I )  ,ETA2(JJ  ,ETA3(  I )  ,ETA4U  )  , 
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2  D1  (U  ,  D2  (I)  »  D3  (I)  ,04  ( I)  ,  XLE  <  I ) ,  XME  (I) ,  XNE II) ,  XLZ  (£)  , 

_ 3. _ XKLLLUmilXiJ^liMP.I}. . . . . , - - 

1003  FORMAT (6612.5) 

100  I F {NXPT . £Q  «0 )  GO  TO  103 

READ  1001,  {XIPTm,YIPT(Il,ZlPT(I),  1  =  1, NXPT) 

101  DO  102  1*1, NXPT 

CALL  FUSLGEI  X1PTI  I ) ,  YIPT  ( I) ,  ZI PTUI  ,  VXF(  I)  ,  VYF  (I ) ,  VZF  ( I)  I 

-J.Q2-  CONTINUE _ _ _ _ _ _ 

103  PSIF  =  PSI0+360.0*REV 
CALL  IOOUT 
NCT  =  0 

TPNB,  =  2.0*PI/XNB 
PS  I  =  PS10*RA0 

_  PSIO  =  PSI _ _ _ _ 

PSIF  =  PSIF»RAD*0.05 
.  IF(NOPT.EQ.O)  GO  TO  3 

2  READ  1003, I(X(I,J), 1=1, NW1),J*1,NB) 

_  READ  1003, UY(IiJ), 1  =  1, NW1),J*1,NB) 

READ  1003,  (IZ{I,J),I  =  .l,NWi),j=l,NB) 

_ &Q-I-Q-7 _ _ _ _  ,  „ _ 

3  DO  6  1=1, NW1 

_ XI  =  FLOAT ( 1-1 )»DPSI  . 

T1  =  XI*C1 

. J3_=  XI*C3  . .  _ 

4  DO  5  J= 1 , NB 

_ &A  =  F  LQAI .(  Jr.  1  J.»  TgNB _ 

XII, J)  =  C0SIPSI0+XJ-XD  +  T1 

Y(I.J)  =  S IN (  PS LO+X J-X. I ) _  „  . . .  . . 

Z(I,J)  =  -T3 

5  CONTINUE _ _ _  .  .  .  . . .  . . 

6  CONTINUE 

7  NPS  *  AMODt  PSI0,2«Q>PI)/QPSI  +  1«5 _ 

IF  (NPS.GT.NA)  NPS  =  1 

_ DO.  9  J  =  ljNB _ _  _  . . . 

JPS  =  MO'd(NPS  +  (NA*(  J-ll)/NB+NAB,NAj 

_ IF  (  JPS.EQ.O I  JPS  »  NA _ _ _ _ _ 

IPS1  *  JPS 

_ £0-8 _ LifUNW _ 

IPS  =  IPS! 

_ IPS1  =  IPS-1  _  . 

IF(IPSl.EQ.O)  IPS1  *  NA 
_ •  GAMAIIfJI  =  (GAMB(.IPSitGAMB_(.I PSD. 1/2.0 

8  CONTINUE 

. 9-CQNT1NUE _  _ _ 

10  DO  12  J*1,NB1 

_ ^DCl  U  1  =  1 » NW 

SEG(I,J)  =  SORT { CX( I , J )-X( I  +  l, j) ) »»2+( Y{ I , J )-Y { I+l , J H**2+I Z ( l , J  )- 
1  _  .  Z(I+1,JII»*2) 

11  CONTINUE 

12  CONTINUE _ 

13  DO  29  1=1, NW 

_ DO  28  J  =  1«NB1 _ _  .  _  _ 

XXX  =  X(I,J) 

_ _ _ _ .  ..  . 

Ill  =  Z(I,JI 

_ -U(itJ>  *  o.o  _ 
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VU,J)  =  o.o 
.  ..  .  W(I,J)  .=  0.0 

14  DO  25  L=l,NBl 
1ST  =  i 

IND  =  Nk 
IFLG  =  1 

IF  (L.NE.J)  GO  TO  L6 
IND  =  1-2 
IF  LG  =  2 

IF  (IND.GT.O)  GO  TO  16 

15  1ST  =  1+1 
IND  =  NH 
IFLG  =  1 

..IF  (  IST.GT_.NW)  GO  TO  18 

16'  SIG2  *  SORT  t ( XXX~X{ 1ST , L ) ) **2+ 1 YYY-Y { I  ST  » L ) ) **2+ ( ZZZ-Z ( IST»L  j ) *»2  ) 
DO  17  I R  =  I  S  T , IND 
SIG1  =  SIG2 

SIG2  =  SQRT ( (XXX-X( IR+ 1 » l ) ) **2+ { YYY-Y ( IR+ 1 , L ) ) *»2+ ( Z ZZ-Z II R+ 1 , L ) } 

1  **2) 

SEGSU  =  SEG ( I R, L ) **2 
HM1  =  SIG1»*2+SIG2**2 
IF(HM1.GT.SEGSQ)GQ  TO  160 

HM2  =  .25*1 (SIGH-SIG2)**2-SEGSQ)*(SEGSG-(SIG1-SIG2)**2)/SEGSQ 
IF(HH2.GT.A( IR, L)**2)G0  TO  160 
GGG  =  GAMA ( IR»L)/SEG{ IR»L) 

GO  TO  161 

160  G'GG  =  GAMAI I R , L ) * ( S I Gl+S I G2 ) / ( S IG1*SI G2* (  C  SIG1  +  S I G2 )  »»2-SEGSU )  ) 
.161  XNU1  =  (YYY-YtIR+1,1) )*(Z( I R, L) -Z ( IR+ 1 , L ) )-(  ZZZ-Z  (T.R+1 ,  L) )* 

1  IY{  IR,L)-YUR+1,L)  ) 

XNU2  =  ( III- 1 ( I R  +  l »  L ) ) »  C  X ( IR»L)-X(IR+1»L) )-{ XXX-X (  IR+l , L) )  * 

1  (ZI  IR»L)-Z(IR+l,D> 

_  XNU3  =  (XXX-X(lR+l,L))»(YUR,U-YUR+l,l>  )-(  YYY-Y  (IR+1 ,  L )  I» 

1  ( X ( IR, L ) -X ( I R+l »  L  )  ) 

U(  I,J)  =  U( I, J)+XNU1*GGG 
V(IfJ)  =  V ( I , J ) +XNU2*GGG 
W(I,J)  =  W(  I, J)+XNU3*GGG 

17  CONTINUE 

GO  TO  (18,15), IF  LG 

18  IF  (L.NE.J)  .GO  TO  25 
IRI  =  1-1 

IF  (I.EU.l)  IRi  =  1 

XMX  =  (Y(  IRl,L)-Y(  IR1  +  1,U  )».(Z{  IR1  +  1,L)-Z{  IR1  +  2,L)  }-(Y(  IR1+1,U- 
1  Y! IR 1+2 , L ) ) * { Z ( IR1,L)-Z( IRi+l,L) ) 

_ XMY.  =  (Z(JRl,L)-Z(  IR1+1,L)  )*(X{  IR 1+ 1 ,  L  ) -X  (  I  Rl  +  2 ,  L  )  )-{Z(!RUl,L)- 

1  Z(IR1+2,L) ) * ( X  C I R 1 » L  )  - X l  IRl+i,L)  ) 

XMZ  =  (X(IRI»L)-X(IR1+1,L))*(Y(IRI+1,L)-Y(IR1+2»L))-(X(IR1+1»L)- 
1  X(  IR1+2,L)  )MY(  IRl,L)-Y(  IRIU,L)  ) 

. SIG4  =  SEG(IR1+1VL) 

SIG3  =  SEGURltL) 

_ SIG5.=.  S9RUIXiIRl  +  2.,U-XURltL) )  *»2+ (  Y URl  +  2,1 ) -Y  ( IRJ.., L >  )  »*2  + 

l  (Z{ IR1+2,L)-Z( IRl,L) )**2) 

DEN  =  ( S IG3  +  SIG4-SIG5 ) * ( SIG3+S IG4+SIG5 ) * ( SIG4+S IG5-SI G3 ) * ( SIG3+ 

1  SIG5-5IG4) 

IF  (DEN. EQ. 0.0)  GO  TO  25 

IF(DEN.LT.0.0)WRITE(6,1002) l,J,SIG3,SIG4,SIG5 
1002  FORMAT (2X43HDENUMINAT0R  NEGATIVE  FOR_ R  COMPUTATION  I  =I3,3X3HJ  = 
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1  1 3»  3X6HS IG3  =E16.8,3X6HSiG4  =E16. 8 ,3X6HSIG5  =E16.8  ) 

RR  =  SI  G  3  • $1G4* S I G 5 /S QR T I A B S ( 0  E_NJJ 
SQIl  *  SORT  ( '(  2.0*RR-SIG3) »  (  2«0«RR+S1G3  >  I 
IF  (SIG3**2.L£.SIG4«*2+SIG5**2)  GO  TO  19 
SF  =  (2.0*RR+SQI1)/SIG3 
GO  TO  20 

19  SF  =  (2»0*RR-SQI1)/SIG3 
_ J.FJ  SF  •  EQ.0_._0  I  SF  =  1.0E-20 

20  SQI  =  SQRT ( ( 2.0*RR-S IG4) *  { 2.0*RR  +  SIG4 )  ) 

IF  {SIG4**2.LE.SIG3»*2+SIG5**2J  GO  TO  21 
SG  =  (2.0*RR+SQl )/SIG4 

GO  TO  22 

21  SG  =  { 2.0*RR-SQl )/SIG4 
. IFISG.EQ.O.OI  SG  =  l.QE-20 

22  IF  (I.EQ.l)  GO  TO  23 

BF  =  (GAMAUR1,  J ) M ALGGI 8.0*SF/A{  IR1 ,  J  )  )  +  .25)  +GAMA  ( I  ,  J  I  * ( ALOGI 8. 0* 
1  SG/A ( I » J ) )  +  • 25 ) )/(4.0*RR#SQRT(XMX*«2+XMY**2+XMZ**2) ) 

GO  TO  24 

23  BF  =  ( GAMA ( I  *  J ) * ( ALOGI 8  *0*SF/A( I »  J ))  +  .25 ) ) / ( 4.0*KR»SQRT I XMX*»2  + 

.  ..l  .  .  XMY**2.tXMZ*»2!  ) 

24  UI i»J)  =  U( I, J)+XMX*BF 
V(I,J)  =  V ( I »  J ) +XMY*BF 
W(I,J)  -  W ( I s  J ) +XMZ*BF 

25  CONTINUE 

SIG1  *  SQRT(XXX*»2+YYY**2+ZZZ**2) 

.26.00.27.  L  =  l  t.NB 

LPS  =  M00(NPS+(NA*(L-1) )/NB+NAB,NA) 

IF(LPS.EQ.O)  LPS  =  NA 
IFU.EQ.l.AND.L.EQ.JIGO  TO  260 
PSIBK  “  FLOAT (LPS~1)*DPSI 
SINPSI  =  SIN(PSIBK) 

COSPSI  =  COS (PSIBK) 

RMH2  =  {XXX-COSPSI )**2+{YYY~SlNPSI )**2+ZZZ**2 
IF  IRMH2+SIGI**2.GT. 1.0)  GO  TO  258 
RMH  =  SQRT ( RMH2  ) 

H2  =  .25*1 (SIG1+RMH)»*2-1.Q)*{ I.O— CSIG1  — RHH) *»2 ) 

IF  (H2*RB**2.GT.1.0)  GO  TO  258 
HH  =  SQRTIH2) 

XHT  =  XXX*(COSPSI**2+SINPSI**2/(HH*RB) J-YYY*S INPSI »COSPSI *1 1 .0/ 

1  (HH*RB )~i .0 ) 

YHT  =  YYY*(SINPSI**2+COSPSI**2/IHH*RB) )-XXX*S I NPSI *COSPSI *  1 1 .0/ 

1  { HH*R6 )  - 1 . 0  ) 

ZHT  =  ZZZ/(HH*RB) 

XNU1  =  -YHT*Z«1,U+ZHT*Y(  l,U 
XNU2  =  -ZHT*XIl»L)+XHT*Z(ifL) 

XNU3  =-XHT*Y(  1,L)+YHT*X( 1,L) 

SIG2  =  SQRT! ( XHT-X 1 1 » L )) *«2+ ( YHT-Y ( 1 , L ) > «*2+l ZHT-Z ( 1 f L ) )»»2) 

GO  TO  259 

258  XNU1  =  -YYY*Z(1*L)+ZZZ*Y(1*L) 

.  .XNU2  =  — ZZZ»X( 1»L )  +  XXX*Z 1 1 »  L ) 

XNU3  =  -XXX*Y 1 1 »  L ) +YYY*X (  1 »  L  ) 

SIG2  =  SQRT((XXX-X(l,U)**2+(YYY-Y(l?U)*»2+(ZZZ-Z(l,L))**2) 

259  GGG  =  GAMB  CLPS)*(SIG1  +  SIG2)/(SIG1*SIG2*((SIG1  +  SIG2)**2-1.J)) 

U(I,J)  =  U( I, J)*XNU1*GGG 

VII, J)  =  VII, J)+XNU2*GGG 
W(I, J)  =  Mil, J)+XNU3*GGG 
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GO  TO  27 

.  ,2j6Q  W(I,J)  =  H(  Ij  J)-GAMB(LPS)*FRB 
27  CONTINUE 

CALL  FUSLGE ( X ( I , J ) , Y { I , J ) , Z (I , J ) , UF , VF , WF ) 

U(I,J)  =  U ( I  *  J ) +XMCL+UF 
V(I,J)  =  V  ( I » J ) +VF 
W(I,J)  =  W ( I » J ) -XMSL  +  WF 

....28  CONTINUE  .  _ 

29  CONTINUE 

IF(NTAPE.EQ.O)  GO  TO  30 

WRITE(4JPSI,XMU,XLAM,ALPHATfNB,NRW,NA,NW 

WRITEI4)  (  IXU.J)  •YUtJ)t2U(J)  ,U(I,J)  ,V(  I ,  J ) , W( I , J ) ,GAMA (  I,J), 

1  All, J), 1=1, NW1) ,J=1,NB1) 

. _ 30  IFINCT «NE.O IGO  JO  31 

I~F(NXPT.NE.O)CALL  VLCTY 
CALL  OUTPUT 

31  NCT  =  NCT+1 
IF(NCT*GE.NPINT)NCT  =  0 

•  PSI  =  PSH-OPSI 

. NPS  =  NPS+l 

IF  (NPS.GT.NA)  NPS  =  1 
I F (PS  I . LE*  PS  I F  J  GO  TO  32 
IF (NTAPE.NE.O )  END  FILE  4 
I F ( NPNCH. EQ .0 )  GO  TO  1 
PUNCH  1004 

JJ)C4  FORMAT ( 74HZZ  HELICOPTER  WAKE  VORTICITY  CALCULATIONS  7  HARVEY 
1SELIB'  U  ) 

PUNCH  1001,  UA{I,J),  1  =  1,  NW),J=l,NB) 

PUNCH  1003, ( (X{ I, J) * I*1,NW1) ,J*1,NB) 

PUNCH  1003, ( (Y( I,J),I=l,NWl),J=l,NB) 

PUNCH  1003,{{Z(I,J),I=l,NWi),J*l,NB) 

_ G0_  TO  I  _  __  _  . 

32  DO  35  J=i ,NB1 
TX1  =  X(1,J) 

TY1  =  Y ( 1 , J ) 

TZl  =  2 ( 1 , J ) 

DO  33  1=2, NW1 

.JJL2.  =  IX 1. .  . . 

TY2  =  TY! 

TZ2  =  TZl 
TX1  =  X( I , J) 

TY1  =  Y ( I , J ) 

TZl  =  Z( I, JI 

_ X(.l»JJ_=  TX2+XLAM#U(  1-1,  J)«DPSI. 

Y ( I , J  )  =  TY2+XLAM*V{ I- 1 , J)*DPSI 
Z(l,J)  =  TZ2+XLAM#W( I-1,J)»DPSI 

33  CONTINUE 

XJ  =  FLOAT { J— 1 ) *TPNB 
X { 1 , J  )  =  COS(PSI  +  XJ) 

_ Y  { 1 ,  J I  =  _S.IN(  PSI+X  J.) . .  _  _ _  _ _  _  _ _ 

35  CONTINUE 

DO"  38  J  =  1  ,N81 

JPS  =  MQD| NPS+ ( NA* ( J-l ) )/NB+NA8,NA) 

IF( JPS.EQ.O)  JPS  =  NA 

_ JPS1  *  JPS-1 _ _ __ _ _ 
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IF{JPS1»EQ.0)JPSI  *  NA 
SEG1  =  SEG(l.J) 

GAM1  =  GAMAUtJ) 

TA1  =  A( lf  J  ) 

36  00  37  1=2, NK 

GAM 2  *  GAM l 
GAM1  =  GAMA ( I ,  J ) 

GAMAH.J)  «  GAM2_ 

SEG2  =  SEG1 
SEG1  =  SEG ( I , J ) 

SEG( 1 1 J )  =  SQRT((X( If J)-X( I  +  1«J))*»2+(Y( I t J *- Y (I  +  1 , J ) ) »»2+ ( l (I , J ) 
I  Zim,J))«2) 

TA2  =  TAI 
„IAI  =_A(I,J) 

A ( I »  J )  =  TA2»SQRT (SEG2/SEGI  I  ,j)  j 

37  CONTINUE 

SEG( 1» J)  =  SQRTJ  (X(I,J)-X(2tJ))**2+(Y(l»J)-Y{2»J))*»2+(Z(I*J)- 
1  Z ( 2 1  J ) ) **2  ) 

A ( If  J  )  =  AI(JPS) 

GAMA  1 1?  J  l  =  (GAMBt  JPS)+GAMBtJPSin/2.0 
33  CONTINUE 
GO  TO  13 
END 
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$IBMAP  ZZCLR  REF 

*  . . .  _  _  SUBROUTINE  CLEAR 

*  SUBROUTINE  TO  SET  FORTRAN  LOCATIONS  TO  ZERO 

*  CALLING  SEQUENCE  -  CALL  CLEAR  I X, Y  ) 

« 

ENTRY  CLEAR 

BCI  1, CLEAR 

_ CL EAR  TRA  ** 

SXA  . SVE  ,  1 . 

SXA  SVE>1,4 

LAC  CLEAR, 4 

CLA  3,4 

SUB  2,4 

. PAX.  ..  *.1  . 

TMI  ORDR  IN  CASE  LOC(Y)  LESS  THAN  LOC(X) 

CLA  3,4 

STA  ZERO 

TRA  ZERO 

ORDR  CLA  2,4 

. S.TA  ZERO 

ZERO  STZ  **,1 

TIX  ZERO, 1,1 

STZ*  2,4 

STZ*  3,4 

LXA  SVE,  I 

_ LXA  _  _S  V  E  +  1 , 4  _ 

TRA*  CLEAR 

SVE  BSS  2 

END 


SIUFTC  ZZIU1  LlSTfRbF 

C  WAKE  VORTiCITY  CALCULAT  ION  PROGRAM  -  SUBROUT  I  Nb  IDCUT 

SSjBRUUT  I  Nb  iocut 

COMMON  X(34C,4) ,Y( 340,4) ,Z ( 340,4 ) ,U( 34C,*4) ,V( 34C,4 ) ,W( 345,4) , 

1“  GAMA (340,45 , S EG ( 34  0  »  4 ) , G AMB  1  {  ICC) ,A1( 1 0 G ) ,A( 340,4) ,  P I , R AD , 

2  VMP  ,  XMCL  ,  XMSL  » NB  ,  NRw  ,  N  A ,  l\W »  NOPT  ,  N  T  APE ,  NPR  IN  T »  NDVCH ,  PS  1 0  ♦ 

'  3  XMU,XLAM,ALPhAT,PlNT,PSlF,XNA,DPSI  ,  NB  1  » N  Vs  1 ,  XNW ,  XNB  ,  TPNB , 

A  SAT»CAT»C1»C2,PSI,TPI,XI,T1»T2*XJ»NPS,JPS,IPS,IPS1,XXX»YYY» 

5  "  ILL ,  1ST,  INC » I FLG,  S  I G 1 »  S I G  2  TS 1  G  3  » GGG »  DcN*»  XNOi » XNU2 ,  XNIJ3 1 1 R 1  * 

6  XMX,XMY,XMZ,SIG4,SIG5,RK,SGI  i,SF,SQI  ,SG,BF,  LPS , S EG l , SEG2 , 

7  SOMfLNCT  ,  X  I PT ( 4C0 ) ,  Y IPT (AGO) »  Z I P  T (AGO) »VX( 40\ ) *  V Y ( 40  5, 

8  VZ{ AG )) , VXF IAOC) , VYF (ACC ) ,VZF (AC  3) ,NXPT ,NAB, FACTR,RB 
COMMON  /FUSb/  XRAK ( 100 ) » YRAR ( 1GG ) , ZBAR { ICO  ) , S IGX ( 100 ) *  S IGZ (  ICO )  , 

1  X  m 1 0 : ) . X  1 2 ( ICO ) , X I  3  C I wC ) . X I  A (  100  )  , E  r A 1 ( 1 00 ) » E  r A2 ( l vC  )  * 

2  b i a 3 ( l oo )  .ETAAdof) ,  xleTFoo )  ,'xMbl  iocT, xneI  lodTxLTfl  ;.;T» 

3  XXZt  LOO) ,XNZI ICC)  ,NFPI,KJ(4) ,EJ(4) ,HJ(A) ,HMJ(4) ,01(1 10) , 

A  02 ( ICO) ,D3( ICj) ,D4(  ICO) , VX  INF , VY I NF , VZ  INF , UF , VF , Wf 

_ 1  WRITE (6, IOC  0 ) NB , NR W , NA , NF  P  T ,PS1C»PSIF,XLAM,XMU,ALPHAT  »R8»FACTR 

1000  FORMAT ( 1H I , 49X33 HHELICOPTEK  WAKE  V0RTICI1Y  PROGRAM  // 4 5X3 1HNUMBE R 
10F  BLADES  =111  /A 5 X 3 1 HNUMBER  UF  REVOLUTIONS  OF  WAKE  = 

2  Ill  /45X3  1HMJMBER  OF  AZIMUTH  STATIONS  = I  1 1 / A 5X3 1HNUMBER  OF  FGS 

XELAGE  POINTS  = I  1 1 / A  5X2 3FP S  I  (INITIAL) 

3  "  ‘  F 1 1,3 ,8H  DEGREES  /A5X23HPSI  (FINAL)  =F11.3, 

A  8H  DEGREES  /45X2  3HLAMBDA  =E12.5  / A 5X23HMU 

5  “  =E12,5  /A!>X23HALPFAf‘  '  =Fii.3,8H  DEGREES  / 

6  45X23FR/B  =F  1 1 . 3/A5X23HVZ  INFINITY  FACTO 

7  R  =  F 1 1 . 3  ) 

2  DPS  =  360 . C /FLOAT ( NA ) 

"  p~r=  o. ' 

WR 1 TE  ( 6  ,  IOC  1 ) 

loOl"  FORMAT (//3CX3HPSI , 15X22H  STRENGTH  OF  BLADE  1  ,  14X20HCURE  SIZE  AT 
_ 1BLADE  1  ) _ _ 

3  DC  A  1=1, NA 

WRITE (6, 10C2)PS,GAMB1( I ) , A 1 ( I ) 

1002  FORMAT ( F35 . 3 , E3C . 5 , E 35 . 5 ) 

PS  =  PS+DPS 
A  'CONTINUE'* 

RETURN 


END 


SIBFTC  ZZOUTP  L  l  S T  »REF 

C  WAKE  VORT1C1TY  CALCULATICN  PROGRAM  -  SUBROUTINE  OUTPUT _ 

SUBROUTINE  OUTPUT 

_ COMMON  X  t  340  >  4  )  ,  Y  (  340,4 )  Ll  l_340 , 4  )  ,  U  (  340_,  4  )  ,  VJ  340 ,4  )_,  W {  340 ,4 )  , 

1  GAMA  l  34C~»4 )  VSEG  (340,4  3  ,  GAMB^I  100  )  ,  A I  ( 100  ),A(  340 , 4  3 ,  P I ,  RAD , 

2  _ VMP,XMCL,XMSL,NB,NRH,NA,NW,NCPT,NIAPg,NPRINT-,NOVCH,PSIO, 

3  XMU  ,  X'LAM ,  A  LPHA  T  »~P I N f  ,PS1  F  ,  XNA  ,  DPS  f,  NB  i  ,  Nw  1 »  XNW,  XNH»  fPNB , 

_ 4 _ SAT,  CAT, Cl ,C2,PSI , TP  I  ,XI , T 1 ,T 2 , X J , NPS , JPS, IPS, I PS1 , XXX, YYY , 

5  ZZZ, 1ST, INC, lFLG,SlGi,SlG2,SlG3»GGG,DEN,XNUl,XNU2,XNU3,IRl, 

_ 6  __  XMX,XMY,XMZ,SIG4,SIG5,RR,SQI1,SF,SQI,SG,BF,LPS,SEG1,SEG2, 

7  ~  SUM »  LNCT ,  X  I PT  { 4C0  ) ,  Y  I PT  (  400 ) ,  Z  !  PT  { 400 )  ,  VX 1 400  )~»  V Y  {  400  3  , 

_ 8_ _  VZ  (  400  3  ,  VXF  (  400  3  ,  VYF  {400  )  ,VZF  (  400  )  , NXPT  ,  NAB ,  FACT  R ,  RB 

1  I  L  INE  =  0 
_  PS  ID  =  PSI/RAC 

DPS  ID  =  DPS  I /RAD 

2  DC  5  J=  1  ,N B1 

I  F  (  I  L I N  E ..  6  C .  0  )“  W R  I  T  E  { 6 , 1 0 6 C  3  N B  ,  N A  ,  M R V, ,  X  L  A  M  ,*X M U  ^  A L  P  H A'f ,  D  P  S I  D ,  P  S 1 0 
1000  FORMAT! 1H1 f 46X38HHEL I  COPTER  WAKE_VGRT  ICl  TY  J)I  STR  IBUTION  //13X 

1  15HNC.  OF  BL ACES  ="  12,23X25HNO.  OF  AZIMUTH  STATIONS  =  13, 

2  21X21HN0.  OF  REV,  OF  *AKE  =  12  /9X8HLAMBCA  =E 1 2 . 5, 1 6X4HMU  = 

3  E12.5, 12X9HALPHA  T  =  F7.3,5H  DEG.  11X11HDELTA  PSI  =  F7.3, 

4  5H  PEG.  //55X5HPS I  =  F8._3L8H  DEGREES  3 

3  WR ITE ! 6 , 10G2  3  J  ~  .  “  "  . .  “ 

1002  FORMAT!  /59X 1 2HBL ADE  NUMBER  12  /  3 

4  WRITE(6,10C3)  !  I , X  fl  ,  J  3  ,  Y  { I  ,  J  3  , 2  ( l ,  J ') ,  U(  l  ,"J  )  ,  V (  I  ,  J  3  7W  ( I  i  J  3  , 

1  _ GAMA!  I,  J  3,  A(  1,J3,  I  =  l,Nhl,NPRINI) _ 

1003  FORMAT!  4X 5HS T AT . ,  1CX 1HX , 14 X 1HY , 14X 1HZ , 14X2HVX , 1 3X2HVY , 13X2HVZ , 

1  10X8HSTRENGTP,  6X9HCCRE  SIZE  / ( I  8 , E 18 . 5 , 7E 1 5 . 5 3  3 

ILINE  =  ILINE  +  NWl  /  MrAXO  (  NPR  INT  ,*1)4*3 . . 

_ IF  ( ILINE. GE.LNCT)  JLINE  =  0 

5  CONTINUE  *  ‘  '  ~*  . . . . 

_ IFINXPT.E0.03  GU  TO  6 

IF! ILINE.EC.0  3WKI TE ( 6 , 1000  3 NB , N A ,NRW , XLAM , XMU , ALPHAT , OP S I  0, PS  I D 
_ hRlTE(6,1004)  !  X  1PT  (  I  ),YIPT(I_),ZIPT(I),VX(I),VY!I  3  ,VZ{  I  )_,  I*  WNXPT) 

1004  FORMAT!  /b3X26HVEL0C  IT  I  ES  AT  OTHER  POINTS  7/l9XlHX;r4XlHYri4X'lHZ,' 

1 _ 14X2HVX, 13X2HVY , 13X2HVZ  / ! E26. 5, 5E  15. 5  3  3 

6  RETURN  . .  ‘  . .  . . —  ‘ 

END 
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SIBFTC  Z2FSLG  LIST, REF 

C  WAKE  VORTICITY  CALCULATION  PROGRAM  -  SUBROUTINE  FUSLGE _ 

SUBROUTINE  FUSLGE ( XC , YC, ZD , UFO , VFD, WFD ) 

COMMON  /FUSE/  XBAR ( 100 ) , YBAR ( IOC ) , ZBAR t 100 ) , S IGX ( iOO ) , S IGZ { 100 ) , 

1  xTTTTooTTx  1 2  ( 160 >  ,"x  f3(  loo  V ,  xi'4  i  100 ) ,  etai  { 100 ) ,  ETA2  ( 100  ) , 

2  ETA3I ICO) ,ETA4{ 100) ,XLE( 100) , XME ( 100 ) , XNE ( 100 ) ,XLZ(100) , 

3  XMZ { iOO ) » XNZ ( ICO ) »NFPT » R J( 4 ) »  EJ  <4 ) ,HJ( 4 ) » EMJ ( 4 ) , 01 ( IGQ ) , 

4  02 { 100),D3{ 100) ,04( IOC) , VX I NF , VY INF , VZ I NF , UF, VF, WF 

DIMENSION  XIK ( 100,4) »ETAK ( ICC ,4 ) »DDJ ( 100,4)  . . . 

EQUIVALENCE  ( X I K , X  1 1 ) , { ET AK , ETA  1 ) , { CDJ , D 1 ) 

1  SUMU  =  C.O  . 

SUMV  =  0.0 

SUMW  =  G.C 

IF(NFPT.EC.O)  GO  TC  13 

2  DO  12  J=1 ,NFPT 

NFLG  =  1 

xlx  =  jTmei  J)»XNZ(  Jl-XMZI  J)«XNEU) 

XMX  =  XNE(J)«XLZ( J)-XNZ(J)*XLE( J) 

XNX  =  XLE ( J ) *XMZ ( J ) -XLZ  f J) *XME ( J ) 

XB  =  XD-XBAR ( J ) 

YB  =  YD-YBAR(J) 

ZB  =  ZD-ZBAR(J) 

D5  =  (  X 1 3  (  J)-XIl(J))#«2+(ETA3~f  j')-ETAl{J)  jii'2  . 

06  =  (XI4(J)-XI2(J) )*«2+(ETA4(J)-ETA2(J)  )»»2 

07  =  AM  AX  1(05,06)  ~  “  ~ . .  . . 

3  XI  =  XLX*XB+XMX*YB+XNX*Z8 

ETA  =  XLE( J)*XB+XME( J)*YB+XNE( J ) *Z  B 
ZETA  =  XLZ( J)«X6+XMZ(J)#YB+XNZ( J)*ZB 

RO  =  XI**2+ET A#*2+ZETA*#2  . . . 

TJ  =  R0/D7 

IF- (TJ. 076.0)'  GO  TC  5 

4  SJ  =  .5»(XI3{J)-XI1(J))*(ETA2(J)-ETA4(J))/(R0*SCRT(R0)) 

VXI  =  SJ*XI 

VETA  =  S J  *  E  T  A 
VZETA  =  SJ»ZETA 

_ GO  TU  90 _  _  _ _ 

5  DO  6  1  =  1,4’" .  . .  "  . ~ . . 

_ RJ(I)  =  SQRT(  ( X 1-X I K ( J , I ) )««2+(ETA-£TAK(J,I ) ) »»2+ZETA««2) _ 

EJ(I)  =  ZETA*«2+(XI-XIK(J,  I  )  )**2 

_ H J  ( I  )  g  (E  T_A-J  T AK  {  J  ,  H  )  M  X  I_- XJ_K  (  Jjrj  ) 

11  =  1  +  1  '  '  '  "  ’  ~  '  . 

_ IF  (  I  .EQ.4  )  II  _  __ 

TRM1  =  X  I K  (  J  ,  l£  ) -X  I K  (  J,'H) 

_ iF(TRMI.EQ.C.C)  TRM 1  =  1.0E-6 _ 

fc  M  J ( I )  =  ( ETAK(J,  II  )-ETAK(J,I ) J/TRM1 

_  6  CGNTINUE  _ 

VXI  =  O.’O 

_ VETA  =  0.0 

VZETA  =  O.C 
7  DU  9  1=1,4 

11  =  1+1 

IF(  I.EQ.4)  11  =  1 

TRM1  ‘=  ( R  J  ( IF  +  R  J ( I  1 ) - C  D  J ( J , I ) ) / ( K  J ( l ) +  R  J ( 1 1 ) +  00  J ( J , I ) ) 

_ TRM1  =  ALGG(TRMl) 

TRM2  =  (ETAKI J , I  1  ) - E  T A K ( J , I  ))/CCJ(J,  I) 

_ TRM3  =  (XIK ( J,  I  ) -X  I K ( J,  I  1  )  l/CDJ (J, I  ) _ 


VXI  =  VX  I  +  TRM2*TP.M1 . 

VETA  =  VETA+TRM3*TRM t 

8  I F ( ZETA . EC .0 . C  )  GO  TO  9 

TRM4  =  ATAM  (EHJ{  I  )  «E J  (  I  ) — H J {  I  )  )/(ZETA»RJ(  I  )  )  ) 
TRMS  =  ATAM  (  EMJ  {  I  )  *  E  J  (it ) -HJ  (I  1) )  /  (ZETA*R  J  (I  l")  )  ) 
VZfcTA  =  VZETA+TRM4-TRM5 

9  CONTINUE 

90  VVX  =  XLX*VXI+XLE( J)*VETA+XLZ{ J)*VZETA 
VVY  =  XMX*VXI+XME( J)»VETA+XFZ{ J)*VZETA“ 

VVZ_=  XNX*VXI+XNE(J)«VETA+XNZ( J)»VZETA 
GO  TO'(lGt 11) >NFLG 

10  VVVX  =  VVX 
VVVY  =  VVY 

VVVZ  =  VVZ _ _ 

YB  =  -YD-YBAR(J) 

_ NFLG  _=_2 _ 

GO  fo  3 

11  TRM  =  $IGX(J)*VXINF+SIGZ(J)*VZINF 
SljMU  ~=  SUML+ TRM* ( VVVX+ VVX ) 

SUMV  =  SUKV+rRM»tVVVY-VVY) _ 

SUKW  =  SUMb+TRMMVVVZ+VVZ) 

12  CGNTINUE 

13  UFO  =  SUMU  . 

VFO  =  SUMV 

WFO  =  SLMVi 

RETURN _ 

END 


> I BFTC  ZZVLCT  LIST ,RfcF  ' 

C  WAKE  VORTICITY  CALCULA T 1 CN  PROGRAM  -  SUBROUTINE  VLCTY _ 

SU8KCJUT I NE  VLCTY 

COMMON  X(34C,4),Y(34C,4),Zi340,4),U(340,4)  , V{ 34C y4 ) , W( 34C y4)  , 

1  GAMA(34Cy4  )  ,SEG(  34j,4),GAPB1(100),A1<10C)*A134C.4),PI,  RAD, 

_ 2  VMP,XMCL»XMSL,NB,NR*'yNA,Ni*,NGPTyNTAPE, NPR l N T y NDVCH, PS  I C , 

3  "  XMU,XLAM,ALPhAT,PlNT,PSIF,XNA,DPSI  ,NB1,NM,XNW,XNB,TPNB, 

4  SAT tCAT.CItC2.PS I, TP  I ,XI t T  1  y T2 , X J y NPS , JPSt IPS, I  PS  1 y XXX f YY Y , 

5  ZZZ  t  1ST  t INC, IFL67sTG1,S1G2. S I G3 , CGG , DEN , XNUl , XNUYi  XNU3 ♦  I  R 1 » 

6  XMX  f XMY,XMZ,SIG4,SIG5,RRySQl 1,SF,SQI ,  SG , BF , LPS y SEG1, SEG2 , 

7  “  '  SUM y  LNCT  y  X I PT ( 4C0 ) » Y I PT ( 400 ) y  Z i PT ( 400 ) y  VX ( 400 ) y  VY ( 40 0 ) ♦ 

_8  _  VZ  (  40  0  ) »  VXF  (  4CC  )  »  VYM  40C  )  » VZF  1 400  )  »  NXPT  *  NAB  » FACTR  f  RB 

'  'IDG  7  ' I=i,NXPT 

VX(I)  =  O.C  _  _ 

VY ( I )  =  C.C 

_ vzi  n  =  o. c 

2  DC  i  J  = 1 » N  B 1 

SIG2  =  SORT  C (XIPT { I ) —  X { 1,J) ) «*2+(YIPT { I ) - Y ( 1 »  J ) )  »* 2+ ( Z I PT  C  I  )  - 
1  Z!1,J)  )"**2) 

3  00  4  K  =  1  y NW _ _ _ 

SIG1  =  SIG2 

SIG2  =  SGRT((XlPT(I)-X{K+l,J))««2+(YIPT(i)~Y(K+l,J))**2+(ZIPT(I)- 
1  Z (K  +  l, J)  )**2) 

SEGSG  =  SEG(K,J)**2 

HM1  =  SIG1«*2+SIG2*«2  . . “  . 

IF(HM1.GT.SEGSQ)GG  TC  30 

"  HM2  =  «25*(tSIGl+SIG2)**2-SEGSL)*(SEGSC~(SIGI-SIG2)»*2)/SEGSG 

IF(HM2.GT.A(K,J)**2)GC  TO  3C 
GGG  =  GAMA { K , J ) /SEGI K , J ) 

GO  TO  31 

30  GGG  =*  GAMA  { K  y  jT»  {  S I G 1  +  S I G  2“)  /  ('  S I G 1 »  S 1 G  2  *  I  {  S I G 1  +  S I  G  2  )  *  *  2- S  EG  SQ )  ) 

31  XNU1  =  (  YIPTI  I  )-Y(K,  J  )  IMZIK,  J>-Z(K+1,  J)  I~(ZIPT(  I  )-Z(K,  J)  )» _ 

1  (Y(K»J)-Y(K+1,J)J 

XNU2  =  ( Z I PT ( I ) - Z { K , J) )* (X(K,J)-X(K+1, J) ) - ( X I PT { I ) -X ( K , J) )* 

1  {  Z  (  K  ,  J  )  -  Z  (  K  + 1 ,  J  )  ) 

XNU3  =  (XIPTI  D-XIK,  J)  >*(Y(K,J)-Y{K+1»J)  v - ( Y I P T (I) -Y { K , J )  )* 

1  ( X ( K , J  )-X ( K  + 1 , J ) ) 

_ VX(I)  =  VX (  I  )*XNU1»GGG _ 

VY  (II  =  VY ( I J+XNU2»GGG 
VZU)  =  VZIl)+XNU3»GGG 

4  CONTINUE  '  "  “ 

5  CONTINUE 

SIG1  =  SQRT (X  IP  T ( I  )  *«2  +  Y  I  P  T ( I  5  *  *2  +  Z  IPT '  I  f**2 ) 

DO  6  L= 1 , Nfi 

LPS  =  MCDINPS+ (NA*( L-l ) )/NB+NAB,NA) 

IF  (LPS. EG.. C)  LPS  =  NA 

XNU1  =  -YIPT { I ) *Z { 1 , L )  +  ZIPT ( l  )*Y ( L )  "  ”  . . . 

XNU2  =  -Z I PT  C I ) »X ( 1,L J+XIPT ( I ) *  Z { 1 , L ) 

XNU3  =  -XI PT  { I )  •  Y  { 1 , L  J +YIP T  ( I  )  «X  ( 1 ,  L ) .  " 

SIG2  =  SORT  ( (XIPTI I )-X( 1»L) )«*2+(YIPV( I )-Y(l,L) )«»2+(ZIPT { l )  - 
1  Z { 1  y L  )  )  **2  ) 

DEN  =  SIG1»SIG2*( ( S IG 1  +  SI G2 ) **2 -1 .0 ) 

IF(DEN.EQ.O.O)  DEN  =  .001 

GGG  =  GAMB1(LPS)*(SIG1+SIG2)/D£N 

VX(1)  =  VX (  I ) +XNU 1*GGG 

VY(I)  =  VY ( I ) +XNU2*GGG 
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VZ ( I  5  =  VZ ( I )+XNU3*GGG 

6  CONTINUE 

VXU  )  =  VX(I  )  +XNCL+VXF  (  I  ) 
VY { I )  =  VY ( I ) +VYF {  I  ) 

VZU)  =  VZ  ( I  j-XMSL+VZF  (I  ) 

7  CONTINUE 
RETURN 
END 


APPENDIX  II 


OPERATIONAL  INFORMATION  FOR  THE  SUPPLEMENTAL 

FUSELAGE  PROGRAM 

This  program  is  written  completely  in  FORTRAN  IV. 

INPUTS 

CARD  1  NPTS:  Number  of  fuselage  elements  N 

NPRNT:  Number  of  B;j  coefficients  to  be  printed; 

i.  e.  ,  NPRNT  =  (NPTS)(NPTS) . 

EPS:  Desired  accuracy  in  iterative  solution 

of  equations;  i.  e.  ,  if  EPS  =  .001,  the 

solution  will  be  obtained  to  within  +  0.  1% 
of  the  exact  result. 

NIT:  Maximum  number  of  iterations  to  be 

allowed  in  solving  the  equations  (in  case 
of  divergence  of  the  iterations). 

NDIJCH:  Not  used. 

CARD  2,  3,  .  .  .  ,  (2)(NPTS)  +  1  •  %zi  •  Izi*  J’zt  * 

*-3t  *  t/j/  >  }-3l  i  •  Vtt  •  'IfH  • 

XfZ’  Vtz  »  ftz  i  ^ZZ  <  yzz  ’  fz 2- 

etc. 

A  listing  of  the  program  is  given  on  the  pages  which  follow. 
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SIB  FT  C  ZZHFPF  LIST, REF 

C  CALCULA7  1 C  N  CF  POTENTIAL  FLCW  A  ECLT  A  FC'LICGPTLR  FUSELAGE _ 

CCPMGN  Xl(  1C''  ),X2(  ICG)  ,  X  3  (  ICC)  ,X4(  ICC)  ,Y1  {  IGj)  ,Y2(  IjO)  ,Y3(  I  if  )  , 

1  _ Y4( 1CC),*1 ( ICC ) , Z2 ( 1 C - ) , Z  3 ( IPG ) » Z4  ( ICC ) , X8AR I  ICC ) , YBAK ( 1C C ) 

2  ,Ze*R  (lOl )  ,WrM  3\4  )  ,XPI  14)  ,YPT  (A  )  ,ZPT  (4  )  ,XJK  1C'  )  ,XI2  (ICC  ) 

_ 3 _ ,  X  1 3  t  ICC  )  ,XU  l  ICC  )  ,E  I  A  1  {  ICC  )  ,ETA2(  ICC  )  ,ETA‘3  ( 100)  ,L-TA4  (  10^  ) , 

4  ZET/1  HOC  )  ,  Z E  T  A 2  (  ICC  )  ,  ZE  TA3  UCO  ) ,  ZETA4  I  1C^  >  ,XLX(  ICC  )  ♦ 

_ 5 _ XPX  (  ICC  )  ,XNX  (  ICC  )  ,XLE  <  ICC  )  ,XPE(  ICC  )  ,XNE  t  1GC  )  ,XLZ  (’ICO)  , _ 

6  XFZ (ICC) ,XNZ( ICC) ,RIJ(4 ), El j(4) fHIJ(4) ,Cll ICC) , 021100), 

_ 7 _ C_3_Q.CC  )  ,.C4  ( ICC ) , B ( 1LC , It 2 ) , S IGX ( ICC ) , S IGZ ( 100 )  , NPTS ,NC VCH  , 

8  EPS,AN,BN,GN,AX,f)X,G'x,AE,l3E,GE,CX,CE,CZ,C5,06,D7,SJ,NFLG, 

_ 9 _ EP_LiJE.P  2*fcP3,EP4,XPP,YPP,ZPP,YRPP,Xl  IJ,ETAIJ,ZETA(J,R:,R1 

CCPMLN  XIRiJ,ETARIJ,ZETRIJ,TIJ,TRIJ,VXI,VETA,VZETA,TMPl,TPP2,TPP3, 

_ 1 _ TPP4 , TPP , V X ,VY,vZ,AIJ,AR I JjNl . N2 . N PRN T . PPRNT , N I  T _ 

l)  I  PENS  ICN  X  (  ICO ,  4  )  ,  Y  ( ICO ,  4  )  ,  Z  { ICC ,  4  > ,  X  IK  I  ICC ,  4  ) ,  t  T  AK « ICO ,  4  ) , 

_ L  _  _  ZEIAK(1CC,4) 

ECU  I  VALENCE  ( X , X 1 ) , ( Y  ,  Y 1 )  ,  (  Z , Z 1 ) , I  X I K , X  1 1 J , ( ET AK , ET A 1 } , ( Z E TAK , 

_ 1 _ _ ZETA1) 

1  READ  1GCC»NP7$»NPRNT  , EPS, NIT  »NL  VCF 

1C00  FCRPAT (2I6,Ffc.C  >216  ) _ 

READ  10C1,  I  (XI I , J) ,Y( I , J) ,Z( I, J 5 , J  =  l,4) , I  =  1,NPTS) 

10C1  FCRPAT ( fcF 12.5) 

2  DC  18  I  =  1  ,NP  TS 

_ AN  =  IYMI)-Y21U)«(Z3(1)-Z1III)-(Z4II)-Z2II)I»(Y3III-Y1II)) 

bN‘ V  (Z4  1 1  )  - Z  2  C I >  )« (X3(  I  )-Xl( I ) )-(X4( I )-X2( I ) ) « I Z  3 ( I )-Z II  I) ) 

_ GN  =  (  X4  (  I  )-X2  (  1  )  )  «  ( Y3  (  1  ) - Y  1  (  I  )  )  -  (  Y4  ( I  ) - Y  2  ( 1 )  )  »  (  X 3  1 1  )-X  1 1  I  )  )  ....  _ 

XEAR(I)  =  (Xl(I)  +  X~2(n+X3(T)4X4(I))/4.C 

_ _YBARJI)  =  (Y1(I)  +  Y2C  I  )  +  Y3  C  1  )  -» Y4  ( 1  )  J/4.C 

ZEAK(I)  =  CZl(I)  +  Z2(I)-»Z3lI)+Z4(I))/4... 

_ 3  IF(AN.NE.C.C)  GC  TC  8 

I  F ( BN .  N  E . C  .  C  )  GC  TC  8 

_ ,1  F  (GN.NE  .C  .  C  )  GC  TC  6  _ _ _ 

4  WRITE (6, ICC 2) I , (X( I , J) ,Y( 1 ,J) ,Z ( I, J), J=l,4) 
luC2  FCRPAT  (  4CF  5  AC  SET  CF  PCIMS  FCR  CL  ACR  I  L  A  T  ER  A  L  NC.  I  5/4  I  3F9.4 , 5X  )  ) 

GC  T C  "1  ’ 

6  DC  7  J=  l,j_4 

XPT(J5  =  XI  I,J)-XEAR{ l ) 

_ YPT(J)  =  Y  (  I , J ) - V  E  A  R (  1  ) _ _ _ 

ZPT(J)  =  C.C 

7  CCNT1N U fc _ 

GC  TC  14 

_ 8  AP  T  X  ( 1,1 L  =  AN 

AP  T  X  (  f ,  2  )  =  BN 

_ AP  T X ( 1 , 3 )  =  GN _ 

AP I  X ( 2  »  1  )  =  BN 

_ AM X.{  2.,  2  )  =  -AN 

APTXC2 ,3 i  =  C.C 
_  IfiAN.NE.C )  CC  TC  11 

9  apt x { 3 , i )  = 

_ AP  I  X  1  3 , 2  )  =  GN _ _ 

AP  T X { 3 , 3 )  =  -BN 

_ DC  K  _J  =  1  i  4 

A  P  I  X (  1 , 4  )  =  EN»YBAR ( I )+GN«ZBAR(I) 

_ A  P_I  X J  2.,  4  )  =.  R  N  *  X  (  I  ,  J  ) 

AP  T X  I  3 , 4  )  =  G  N  •  Y  ( I , J ) - E  N  *  Z ( I ,J) 

_ CALL  SIPSCl  1  A  P  1  X  ,  3  i  3  ) _ _ 
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XPT { J )  =  APTX(1,4)-X£AR(I) 

_ Yf.T(J)  =  AtlZlZiA  LzULAfLLL ) _ 

ZP  f  {  J)  =  APTX{3,4)-ZEAR{  I  ) 

JC_  CCNT1NCE _ 

GC  TL  14 

11  AMX13.1)  =  G  t\ 

APTX { 3  »  2  )  =  C.C 

_ AP  TX ( 3  «  3  )  =  -AN _ 

12  DC  13  J  =  l,4 

_ APTX(1.4)  =  AMXHAR  ( I  l  +  BMYEARl  I  1  +  GMZEAR  { I  ) 

A  P  T  X  (  2  » 4  )  =  CMX(I,J)-AMY(1|J) 

AP TX ( 3 « 4  )  =  jGN*X(  I,J)-AMZ(  1,  J) 

CALL  S  IPSCL ( APTXf  3  »  3  ) 

XPT(J)  =  APTX (1  .  A  1-XEAR  (  I  ) _ 

YPT  (  J)  =  APTX  (2,-.  J-YEAR  (  I  ) 

,  ZPT(J)  =  APTX(3.4)-ZEAR(I  ) 

13  fCMINUt 

14  AX  ~  XPT ( 3  )  - X£ J .{  1 .) 

BX  =  YPT { 3  >-YF  T ( i ) 

GX  =  ZPT (3 l-ZPTC 1  ) _ 

AE  =  BMGX-EX*GN 

BE  =  GN«AX-GX«AN _ 

GE  =  AN«EX-AX«Efv 

CX  =  l.C/SCRT(AX«*2+BX«»2+GX«»2  ) 

CE  =  1 .0 /SC RT ( AE«*  2  +  B  £  *  «  2  +  GE  *  «  2  ) 

CZ  =  1  .C/SCRT  tAN«'«2  +  RM«2  +  GM«2  ) _ 

XLX(l)  =  CX*AX 

xpxm  =  cx«bx . . . 

XAX(I)  =  C  X  «  G  X 

_ X.UHM-1.  CE.jAJ. _ _ _ _ _ 

XPE ( 1 )  =  CE*EE 

_ XPJ.U.1.  ££«GE _ 

XLZ(I)  =  CZ«AN 

XPZIi)  =  C  Z  «B  K _ _ 

XNZ ( I )  =  CZ  «GN 

16  DC  17  J= 1 « 4 _ 

X  I K ( 1 1 J )  *  XLX(1)*XFT{J)  +  XPX(I)«YPT(J)  +  XNX(I)*ZPT(J) 

_ E1M..(  1 »  J  )  =  XLE  ( I  1  «XPI.{  J  }  ♦XPE  ( I  )  «YP_T  (_J  )  tXNE  (  L)«Z_PT_(Jj_ 

.  ZE  T  AK  (  I » J  )  =  XLZUMXPTl  Jl+XPZUMYPn  JHXNZUMZPTl  J) 

JL.7_CCM1.NUJE _ _  .. 

13  CCNTINUE 

-19  DC  31  J=  1  ♦  NP  7  S _ 

D1U1  *  SCP7  (  (X 12  C  J  )-X  1 1  (  J  )  )«*2*(ETA2(  J)-ETAl(J)  )««2) 

_ Q2I1J...  »-.SC.P  U  i  X]  3.(  j  ,Lr  x  UdJlll  illl  ii.H3-U  L-.E-ULLllL^-L. 

CJ3(J1  »  SCR  T  (  (XI4(J)->XI3(J)  )«»2+l  ETA4(J)-ETA3(J)  1**2) 
D4  (  J  1  =  SCRT  (  (XI1(J)-X14(J)  )««2+(ETAl  {_J  )  -J  T A4  (  J  )  )  * « 2  ) 
D5  =  (XI3(J)-XinJ))««2*(ETA3(J)-ETAiU)  )«*2 
D6  =  (  X  14  (  J  )-X  12  (  JJJ  •  •  2 +i  E  T_£4.(  J  )  ~  E  T  A  21 J )!  *  *2„ 

D7.  =  AMA X 1  {  C5  t  D6  f 

_ S J.  , 51  ( X 1 3.(,J  l- m  y  JJjl (.LU2  (■J.)^E..lAAU..U _ 

TRP  =  X  1 2  (  Jl-XIK  J) 

_ Ii-lXR^ti-CiLC.^JlRP_f_L«.C.E.-A.  . .  .  ...... 

EP1  =  (ETA2(J)-ETA1(J) l/TRP 

_ TRP  *  =  X  1 3  1  J  )-X  I  2  (  J  1 _ _ _  _ _ 

IFITRP.EC.C.OITRP  =  l.CE-fc 

_ M2  ■?,  LHA2lU±±.IA2±AU1W _ 
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TRK  =  XI^  t J )-X 13 (J  ) 

IFtTRE.EC.C.OlTRP  =  l.CE-6 _ _ _ _ _ 

EP3  =  (ETA4(J)-ETA3(J)  )/TRF 

TRK  =  XIIUMIHU) _ _  ... 

I F (TRH.EC.C .0 )TRK  =  l.CE-6 
E HA  =  (£TA1( J1-ETA4IJ) )/TRF  _  . 

20  DC  3C  I  =  1 » NP TS 

NFLG  =  1 _ _ _ 

XPP  =  XfiAR ( I J-XEAR  t J ) 

YPP  =  YEARd  )-VeAR(J) _ 

ZPP  =  ZB AR  ( I ) - Z B A R ( J  ) 

YRPP  -  -VBAR(H-YEAR(J)  _  . 

XIIJ  =  XLX{J)«XPP  +  XPX(j)»YPP->XNX(J)*ZPP 

.  ETA1J  =  XL£(J»*XPP4XPE(J)«YFP4XNE(J)*ZPP _ 

ZETAIJ  =  XLZ(J)*XPP+XPZ( J)«VPP+XNZt J)«ZPP 

XIRIJ  =  XLX(J)»XPP4XPX(J)«VRPP-»XNX_(  J.L»ZP.P  .  . 

ETARIJ  =  XLE ( J j*XPP+XPEfj)«YRPP+XNE{ J)*ZPP 

ZETR1J  =  XLZ1J)*XPP+XPZ(J)*VRPF+XNZ(J)*ZPP_ . .  .  _ . 

R1  =  XIRI J«*24ETARI J««2+ZEIR 1J«*2 

RC  =  XI I  J«»2+£TAI  J««2*ZETA1  J««2 _ 1 _ 

TIJ  =  RG/C7 

TR1J  =  R1/C7  °  . . 

21  IF(I.NE.J)  GC  TC  22 

VX1  =  C.C _  .  .. 

VETA  =  C.C 

VZ£T  A  =  6.28  3  185JC72 _ 

GC  TL  27 

22  IF(T1J.GT.6.C)  GC  1C  26 

23  DC  24  K  =  1,4 

_ R1J(K)  =  SCRT  (  (XI  I J-X I K ( J  »K  )  )««2+(ETAIJ-ETAK{JtK) )**2+ZEIMJ*«2) 

E  I J ( K }  =  ZETAIJ**2+(XI  IJ-XIK(J»K ) )  *  *  2 

H1J(K)  =  (ETAlJ-ErAK(J,K))«(XllJ-XIK(J,K  ). )_ _ 

24  CCNTItvUE 

TPF1  =  ALCG  (  (Pl.J(lMRlJ<2)-Cl(J))/(RIJ(l)+RlJ(2)+Cl(Jm/Cl(J) 

TPP2  =  A  LCG  (  (RIJ(2MRIJ(3)-C2(J  ))/(RIJ(2)+RIJ(3)+C2(*J)  )  )  /  D  2  {  J  ) 

_ TPP3  =  ALCG((RlJ(3MRIJ(4)-C2(J})/(RlJt3)  +  RIJ(4HC3(J)))/C3CJ) 

TPP4  =  aIcG  {  IP  I J  {  4  HRI  J(  1  )  -  C  4  (  J  ) }  /  ( R  1  J  <  4  )  +R1  J(l)+C4(  J)  )  )/D4(  J  ) 

VXI  =  ( E TA  It J  ) - b  f A2  1  J  )  )  »  TPP  l± ( b  1  A2 ( J 1-ETA3 ( J  )  >  « I V  P  2  ^ (ETA3 ( J)- _ 

1  ETA4(J))«TPP2+(ETA4(J>-EIAl(J))«TPP4 

VXI  =  -VXI _  .  .  .  . 

VETA  =  (XIl{J)-XI2(J))«TPPl-KXI2(J)-XI2(J)/*rRP2+(Xl3(J)-X14(J))« 

1 _ 1 NF  3_+  (XI4  (  J  )-X  1 1  (  J  )  )«TPF4. .  •  .  . 

IFIZhTAI  J.ivE.C..  )  GC  TC  25 

VZETA  =  C.C _ 

GC  TL  27 

25  VZETA  =  .  ATAM  {ER1*EIJ(1)-FIJ(1))/(ZETAIJ*RIJ(1)))-ATAN((  fcPUE  I  J(  2  ) 

1  *  -Vl  J(2)  )/( ZETAi  J»R1  J  (2  J  )  ) *ATAM ( EP2»b I J(2 )-hI J(2) )/( ZETA I J 

_ 2_ _  _  «  R  I J  I  2  )  )  )  -  A  1  AM (EN^*E  !J13)-HJ(3) )/(Z£TAlJ«RIJt3) ) )  + 

3  ATAM(Ef'3«EIJ(3)-HJ(3))/(ZErAlJ«RIJ(3)))-ATANt(EP3*fcIJ(4) 

4  _ -H  J  (  4  )  )  /  (  Zt  TA  I  J«  P  I  J  (  4  )  )  I+ATA  M  (  E  P  4  «  b  I  J  (4  )-H  J  I  4  )  )  /  U  E_T  A_U 

5  »R  I  J  (  4  )  )  )-ATAM  {bP4«E  I  J  (  1  )-F  l' J  (  1  )  )/IZETAI  J  *K  I  J(  1 J  >  ) 

_ GC  J L  27 

26  TPP  =  Sj/(R:»SCKT  (  R v.  )  ) 

VXI  =  XI  1J«TPF 

VEIA  =  ETAIJMPP 

VZETA  =  ZETAIJMPP _ _  _  _ _ 
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27  VX  =  XLX(J)«VXI+XLE(J)«VETA+XLZ(J)«VZEIA 

VV  =  XFX{  J  )  «  VX  I+XFE  (  J  )«VETAOF2  ( J  )*VZ£TA _ _ _ _ _ 

VZ  =  XNX(J)*VXI+XNE(J)*VETA*XNZ(J)»VZCTA 
_ GC _ TL_.(  2fi.fx9  L, NFL G 

28  AIJ  =  XLZ(I )«VX*XPZ( I )*VY+XNZ(I)«VZ 
_ NFLG  =  2  . 

X  1 1 J  =  XIRIJ 

ETAIJ  =  ETARIJ _ _ _ 

ZETAIJ  =,ZETRIJ 

_ RC  =  R1 . 

TIJ  =  TRIJ 

_ GC— I.C-2.2 _ 

29  AR1J  =  XLZ ( I MVX-XFZ ( I )«VY+XNZ U)»VZ 

»(  1  .  .1)  =  AJLI±MJL1 _ 

3G  CLN  r INUE 

31  CENT  1 NCE _ .  ....  .  . 

N 1  =  NPTS+1 

_ N2  =  NP  T  S.+  2  . 

32  DC  33  4  I=1,NFTS 

B  ( jUMi  =  -XLZ  (  I  ) _ _ 

B ( 1 1 N2 )  =  -XNZ{  I  ) 

33  CCNT1NUE 

IFtNPRM.EC.:  )  GC  TC  38 
MPRINT  =  MNC(NPRM.NFTS)  . 

34  DC  37  l=l,PPPINT,8 

18  =  PI NC  (  1  +  7. MPR  1M  1 _ 

WRITEJ6, 1CC3  )  I, 1 8  » KPR I  NT 

IOC 3  FCKMATt 1H1 . 44 X42fr PC T EN T  I AL  FLC*  A6CUf  A  FELICCPTER  FUSELAGE  //5CX 
1  11FEIJ  FUR  J  =  13, 2F  -13, S>  ,  I  =  1-13/) 

_ 35  DC  36  J= 1 , PPR I  NT  .  .  . 

WRITE(6,1CC4MB(  J,K),K=I,I8) 

Iw.G^.-£.CKH.ALL£.Eii.«  5J _ 

36  CCNT1NUE 

..37..CCA.T.IN.UE _  — .  . . 

38  CALL  SIPEC 

CALL  CUTPLI  _ _ _ _  _  _  _  _ 

GC  TC  1 


SIBPTC  ZZSHEC  LIST, REF 

C  CALCULATION  CF  POTENTIAL  FLCh  A  EQLT  A  HELICOPTER  FUSELAGE  -  SIREC 
SUERCUT  I N E  S  II-EQ 

_ CCRMCN  jLLLlCCJ_I.X2(lCC)1X3(  ICC  ) ,  X  A  I  ICG  ),  Y 1  ( ICC  Y2  I  IOC )  » Y3  (  ICC  )  , 

I  YA ( ICC ) , Z 1 { ICC ) , Z2 ( ICC ) ,2  3  I  ICC ) » ZA ( 100 ) » XBAR { 100 ) , YEAR { 1GC  ) 

_ Z _ tilM.(X0O,AMX(.3,A)  ,XPT  (A),YPT(A)  ,  ZPT  { A  )  ,  X 1 1  ( ICC  )  ,X  I  2  i  ICC  ). 

3  ,XI3{ ICC) , X  I A ( ICG) ,ETA1( ICC ) ,ETA2( ICO) »  E T  A3 ( 100 ) ,£TAA( iOC) , 

- 4 _ ZXIALLLQO)  ,ZETA2(  ICC ) , Z £ T A3 { 1QC ) , Z E TAA ( ICO ) ,XLX ( 1Q01, _ 

5  XRX { ICC  5 ,XNX ( ICC ! ,XLE (ICC ) ,XRE( ICG  )  ,XNE( ICC  ) , XLZ  1 100  *  , 

_ £ _ MiXl.C-CJ.,XKZXlCC.URI.JXA.)  ,EI.J(A).fFIJ{A)  ,01(100), .021  10Gb 

7  C3 ( ICC ) *CA ( ICC ) ,B(1CC,1C2),SIGXI ICO  ) , S I GZ ( ICC ) , NPTS , NCVCH , 

- - £ _ EfJS-iXJum, G.N.*  A X...&X , CX ,  A E  ,B E.t GE .  C  X  ,C EjCZ  ,.C 5., D.6, 07 ,  SJ.,  N  FJJL_  .  .  _ 

9  ER1,ER2,ER3,ERA,XPP,YPP,2PP,YRPP,XIIJ,ETAIJ,ZETAIJ,Rl,R1 

- _ CCRMCN  XIP1J,ETA«IJ,ZETRIJ,TIJ,TRIJ,VXI,VETA,VZETA,THP1,THP2,.THP3, 

1  TRPA»TRP,VX,VY,VZ*A1J,ARIJ»M,N,2»NFRNT,RPRNT»NIT 

_ 0  IRENS  I CN  X ( ICO. A ) , Y( ICC, A ) ,2 ( ICC, A) .XIK( ICC,  A ) ,ETAK1 10C»A) , 

1  -  ZET  AK ( ICC  ,  A  ) 

_ EQUIVALENCE  (X, Xl ) , ( Y , Y 1) , ( Z , 2 i ) t ( X I K , X II ) , ( E TAX , E  TA 1 ) , { ZE  TAK , 

1  ZETAli 

DIMENSION  Ll(  1C.)  .  L  2  (  1U  ) _ _ 

1  JS  =  N 1 

_ EPS1  =  ICC.  C «  E  P  S 

2  IT  =  C 

_ X-£LC_£_U.U  P  T  .S . 

Ul(  I  )  =  C.C 

_ A...C.L  ..  .5.  .  J  =  1 1 N F T  S _ 

TERR  =  -E (  I , J  )  /b (  1,1) 

_ LLU.f.LCj.J.)  JERR  =  C.C 

UI  (I)  =  LI  (  I  )  ■»  T  fcRR  *L  1  I  J  ) 

_ 5— C.C  N  T  lijU.E. _ 

Ul(I)  =  L1(I)  +  H(I,JS)/P(  1,1) 

_ 6.CCM  1AJjl£ _ 

7  DC  1L  1  =  1  ,  N  F  T  S 
_ 1F(U2(I).NE.C.C)GC  TC  8 

TRP  =  AES ( L2 I  I  )-L  1 1  I  )  ) 

_ GC  TC  9 _ 

8  TRP  =  AESI (L2 K j-Ll (  1)  )/L?  (  I  )  ) 

9  1FITRP.GT.EPS)  GC  TC  15 _ 

1C  CCM  INUfc 

_ IFJ_JS.EC_,N2 )  CC  TC  13 

11  DC  12  1  =  1  ,  N  P  7  S 

_ JLI.pXlI.  )_.=  IK!) 

12  CC N T  l N L C 

_ JS  =  N  2 _ _ _ _ 

GC  IC  2 

_ L3„.CC_  1  A..  I  =  1 N F  I S 

SICZ  (  I  )  =  LIU) 

1A  CONTINUE 
RETURN 

_ 15  IT  =  1 T ♦  1 _ 

IF  {  IT  .C-E.NI  I  )  LC  U  18 

_ 1  fc_Ol  17  J  =  1  ,  N  P  T  S 

U2  (  I  )  =  LIU) 

_  _1J„CCNTINLE 
GC  TL  3 

18  1  F  ( JS.  FL  .N?  )  CC  TL  19  _ _ _ _ 
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1000 

WR1TEI6, 
FCRPAT  ( 

1CCC)  EPSltMT 
5X48F  ECLAT  I CNS 

FCR 

S  IGF  A 

X 

CIC  NCT 

CONVERGE 

TC 

WITHIN 

F 7 .4 

1 

1ZH  PER  CENT  IN 

16 

,  1  IF  ITERATIONS 

) 

GC  TU  11 

19 

WR I T  t ( 6 , 

ICC  1 )  EPSltMT 

10C1 

FCKFATI 

5X48FECLATICNS 

FCR 

S  IGF  A 

Z 

CIC  NCT 

CONVERGE 

TO 

WITHIN 

F7 . 4 

1  ",  1 21-  PERCENT  IN  16, HE  ITERATIONS  ) 

GC  TL  13 _ 


ENC 
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IIBFTC  ZZGLT  LIST, REF 

C__.  CALCULA7  I CN  CF  PCTEM  1 AL  FLCV  A  ECU-  k  h£LMM  F12.Slj.Age  -  CVTpliT 
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